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Abstract 
 
This study presents findings on the effect of domestic laundry detergents on the fastness to 
light of selected fibre reactive dyes applied to cotton.  The study was carried out to elucidate 
the reasons for the accelerated colour loss of cotton garments washed under Australian 
domestic laundering conditions. 
Cotton fabric dyed with commonly used reactive dyes were laundered with water only, several  
domestic detergents and a laboratory formulated neutral detergent, and then exposed  to light 
for two hours in the wet state.  Quantities of detergent used were in accordance with the 
manufacturers recommendations.  Exposures were repeated fifteen times equivalent to 30 
hours exposure.  Colour loss and colour difference were measured after 5, 10 and 15 wash 
cycles and 10, 20 and 30 hours exposure. 
When the fabric was exposed wet the colour faded more rapidly than when exposed dry to 
light.  Detergents increased the colour loss even when the fabric was not exposed to light.  The 
presence of an oxidizing bleach (sodium perborate) in the detergent increased colour loss 
during washing and wet exposure to light.  Ultraviolet radiation from the light source, heat, 
moisture, alkali and oxidising bleach during exposure resulted in hydrolysis of the dye-fibre 
bond causing dye desorption during washing and rinsing.  Water alone increased the fading of 
the dyes most likely due to presence of dissolved oxygen held within the fibre.  The 
combination of ultraviolet radiation and oxidizing bleaches altered the chemistry of the dye 
and hence its shade. This was particularly evident on the black dye and one of the navy blue 
dyes. 
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Abbreviations and Symbols 
 
AS  Australian Standard 
BHS  British Home Stores 
BS  British Standard 
Cell  Cellulose 
C.I.  Colour Index 
cm  centimetre 
CSIRO Commonwealth Industrial Research Organisation 
∆E  Delta E – a measure of colour difference. 
D65  Standard  Northern  Daylight 
EDTA  Ethylene Diamine Tetra Acetic Acid 
ETO  Ethylene oxide 
g/l  grams per litre 
g/m
2
  grams per square metre 
GPR  General Purpose 
HCl  Hydrochloric  acid 
H2O2  Hydrogen Peroxide 
ICI  Imperial Chemical Industries (UK) 
ISO  International Standards Organisation 
JIS  Japanese Institute of Standards 
K/S  A measure of total colour strength. 
M  Molar 
MBTF  Mercury Ballasted Tungsten Filament 
MOD  Ministry of Defence (UK) 
MSDS  Material Safety Data Sheet. 
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NaBO3.4H20 Sodium perborate tetra hydrate. 
NBS  National Bureau of Standards.  (USA) 
Nm  Nanometer (a measure of wavelength of light) 
O  Oxygen 
-OH  Hydroxyl  group. 
r.p.m.  revolutions per minute   
TLC  Thin Layer Chromatography.  
UK  United Kingdom 
U.V.  Ultra Violet 
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1.1 Aims and Objectives 
Consumers, retailers, garment and fabric suppliers report instances of unacceptable colour 
change and colour loss with cotton and cotton rich fabrics.  Experience and anecdotal 
evidence suggests that the problem lies largely with navy blue and black pure cotton 
garments.  The industry experience of the author suggests that the cause of the phenomena 
may be due to variations in laundry and drying practice.  Domestic washing conditions 
vary widely with time, temperature and detergent type and concentration.  Some of these 
variations in washing have been known to influence the performance and behaviour of a 
dye during the life cycle of the garment.  Current tests for light fading do not provide data 
on the performance of dyes during domestic washing conditions and exposure to light 
during drying.  Hence the accepted reference standards of dye performance may not 
necessarily reflect the performance under “real” life use. 
 
This work aims to:  
1. Study the effect of domestic laundry detergents and residual alkali remaining in the 
fabric from those detergents on the light fading properties of navy blue and black 
reactive dyes on cotton fabric.  
2. Investigate the effect of repeated washing and subsequent fading of the dyed fabric 
that may occur during normal household laundering procedures. 
3. Determine the effect of laundry detergent on the washing fastness of specific 
reactive dyes. 
All experiments were to be designed to simulate “real life” domestic washing and drying 
conditions including selection of dyes and fabric. 
 
This investigation proposes that the findings will be a more useful and reliable guide as to 
the light fading performance of certain commonly used reactive dyes on cotton fabrics. 
 
1.2 Introduction 
This chapter reviews relevant research literature into the problems associated with the light 
fading of reactive dyes on cotton.  The development and chemistry of reactive dyes in 
relation to cellulose fibres principally cotton is outlined.  The importance of the physical 
and chemical properties of cotton in respect to dyeing using reactive dyes is considered.  
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The chemical composition and cleaning action of laundry detergents is reviewed and the 
action of light on dyes in relation to fading explored.  Other factors reviewed are the 
assessment of fastness properties of dyed fabric and light fading mechanisms.  Physical 
and chemical factors affecting the light fading properties of dyed cotton are listed and 
methods of evaluating light fading summarised. 
 
1.3 Reactive dyes 
Reactive dyes, as their name implies, chemically react with the fibre to form a strong 
linkage that gives rise to high performance to wet treatments such as laundering.  Today 
they are the largest single range of dyes used for the dyeing of cotton fibres and their 
blends.  They are also very important for the printing of regenerated cellulosic fibres such 
as viscose rayon and lyocell (a special type of regenerated cellulose) where bright shades 
and high wet fastness is required.  The revolution in reactive dye usage has been brought 
about by a steady reduction in the costs of manufacture; the cost reductions made possible 
by the production of larger batch sizes and improved yields during the coupling stage of 
manufacture.   
 
1.3.1. History and Development of Reactive Dyes 
The earliest reactive dye (1932) produced was Supramine Orange R [1] (C.I.Acid Orange 
30); see Figure 1.1.  It was not clearly understood at that time why this particular dye had 
excellent wet fastness on wool.  
N = N
OH
Na
+ 
SO3
- NHCOCH2Cl
  
Figure 1.1  Supramine Orange R, C.I. Acid Orange 30 [1]. 
 
Subsequent research showed that the high wet fastness was due to the ώ-chlorine group 
which formed a covalent bond with the amino (-NH2) group in the wool fibre via a 
neucleophilic substitution reaction according to the scheme given in Figure 1.2. 
 
   D – NHCOCH2Cl   +   NH2 -- W -- COOH   Where D= chromophore 
      W= wool fibre 
→ D – NHCOCH2NH – W – COOH + HCl 
                          Figure 1.2. Reaction mechanism between Acid Orange 30 and wool fibre [1] 
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In 1937 a German patent was lodged that indicated it was possible to attach dyes to the 
wool fibre by covalent bonding.  Various chemicals had already been tried that could react 
with the hydroxyl groups in cellulose.  However, the very severe reaction conditions that 
had to be employed led researchers to the then conclusion that the dye-fibre reaction with 
cellulose was not practical or commercially achievable.  Hence the various wool dyes that 
are capable of forming covalent bonds with cellulose were not considered at that time. 
   
The first truly reactive dyes for cotton were developed by Rattee and Stephens at ICI 
England in 1955 [2].  These first cotton fibre reactive dyes were based on dichlorotriazine 
groups.  When dyed under alkaline conditions (approximately pH 10.0) the resultant 
dyeings had excellent wet fastness.  The alkalinity caused a reactive chlorine atom on the 
triazine ring to be substituted by an oxygen atom from the cellulose hydroxyl group.  The 
alkali also caused acidic dissociation of some of the hydroxyl groups in the cellulose 
allowing the cellulosate ion (Cell — O
2-
) to react with the dye, as illustrated in Figure 1.3. 
 
   Cell – OH + OH
—
   →   Cell – O
2—
 + H2O 
Cell – O
2— 
  + Dye – Cl   → Cell—O—Dye + Cl
— 
 
 
N
N
N
ClDye--NH
N
NN
   Cl
+  Cell -- OH    
Dye-- NH
   Cl
 O -- Cell 
+  HCl
 
  
Figure 1.3. Reaction mechanism between the triazine ring and the cellulose chain [3]. 
 
 
1.3.2 Classification of Reactive Dyes 
The dye chromophore is that part of the chemical structure of a dye that gives it colour.  In 
reactive dyes the dye chromophore has at least one fibre reactive group added (refer Figure 
1.4.).  This distinguishes reactive dyes from acid and simple direct dyes.  The number and 
type of the reactive groups present in the dye determines its degree of reactivity and hence 
the dyeing conditions as shown in Table 1.1.   
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Table 1.1. Reactive groups and their relative reactivity at corresponding dyeing temperatures [3]. 
 
                       Reactive group               Reactivity                   Dyeing temp. °C 
Dichlorotriazine     High    25 - 40 
  Monochlorotriazine     Low    80 - 85 
  Monofluortriazine     Moderate   40 - 60 
  Trichloropyrimidine         Low     80 - 95 
  Dichloroquinoxaline         Low    50 - 70 
  Difluorchloropyrimidine    Moderate to high  30 - 50 
  Vinylsulphone      Moderate   40 - 60 
  Nicotinyltriazine     Moderate to high  100 – 130 
 
 
Figure 1.4. Typical fibre – reactive structures in current commercial reactive dyes [3]. 
 
The largest single selling reactive dye today is C.I. Reactive Black 5, Figure 1.5, a homo-
bifunctional or double anchor dye bis-β-sulphatoethersulphone introduced in 1957 by 
Hoechst (DyStar).  Sales of 46,000 tonnes were recorded in 2003-4 [4].  
 
Figure 1.5 Chemical structure of C.I.Reactive Black 5 [4].  
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The two sulphone reactive groups give the dye relatively high fixation and, as such, good 
economy.  It is widely used for the production of black and navy mixture shades, but 
suffers from relatively poor fastness to light in all but the heaviest of depths.  The dye 
reacts with the hydroxyl groups in the cellulose chain via a nucleophilic (Michaels) 
addition reaction [5];  see Figure 1.6.  Since this particular dye is so widely used it has 
been selected as one of the dyes to be studied in this work. 
  
D – CH2 = CH2 + Cellulose – O
2—
  →    D – CH2CH2O – Cellulose 
Where D = chromophore including the bridging group 
 
Figure 1.6 Michaels nucleophilic addition reaction [5]. 
 
 
The development of bi-functional or double anchor, homo bi-functional or hetero-
bifunctional reactive dyes increases the degree of fixation of the dye onto cellulose.  The 
traditional hetero bi-functional dye consists of a monochlortriazine group together with a 
vinyl sulphone group characterised by the Sumifix Supra range as in Figure 1.7.  Other 
hetero-bi-functional dyes make use of fluorotriazine in conjunction with a vinyl sulphone 
group.   
 
 
 
Figure 1.7. Typical hetero-bi-functional reactive dye structure [3]. 
 
 
Of the homo bi-functional dyes the most common are those based on bis-
monochlorotriazine and bis-monofluorotriazine; the latter being the basis of the Cibacron 
LS [6]  (low salt) though not exclusively, and the former  Procion H-E range of dyes as 
shown in Figure 1.8.  Note the two chlorine (Cl

) atoms attached to the triazine ring in the 
centre of the molecule as indicated by the two arrows. 
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Figure 1.8. C.I. Reactive Red 120 (Procion Red HE-3B) [5]. 
 
Higher fixation efficiency could possibly be obtained by incorporating additional reactive 
groups into the dye molecule.   However, this can have a detrimental effect on the dyeing 
properties such as migration and can lead to lower build-up of the final shade.  Several 
patents have been lodged for dyes that contain three reactive groups; in particular that 
disclosed by Bayer [7],
 
 refer Figure 1.9.  The fluorine reactive group increases the 
reactivity of the dye and could therefore increase the dyebath exhaustion of the dye. 
 
 
Figure 1.9. Reactive dye structure USP 5459244 (1995) [7].  
 
This structure with three reactive groups Figure 1.9 is claimed to have high reactivity and 
excellent fixation yields even when dyed under adverse long dye-liquor to fibre conditions.  
These developments have resulted in the introduction of more advanced reactive navy blue 
dyes that offer better overall light fastness properties.  The majority of black dyes, 
however, remain mixtures still based on C.I.Reactive Black 5.   
 
One of the advantages of the vinyl sulphone structure is that it contains a masking group 
(OSO3Na) attached to the two methyl groups.  This masking group increases the dyes 
resistance to hydrolysis during the early stages of the dyeing process and is not removed or 
  
8
deactivated until the alkali is added at the fixation stage.  It is for this reason that the dyes 
can be prepared and sold in liquid form which is the requirement for modern digital ink jet 
direct to fabric printing machines.  The use of liquid dyes is very common in modern high 
speed textile printing factories, as well as in large dye houses where automatic dispensing 
machines and liquid delivery systems are used to prepare the required dyes for the process. 
 
1.3.3 Factors Affecting Reactive Dye Performance 
The various dye manufacturers dye ranges are characterised by their different reactive 
groups and their degree of reactivity towards the cellulosic fibre as shown in Table 1.1. & 
Figure 1.4.  Environmental legislation, particularly in developed countries, has prompted 
dye manufacturers to develop and introduce more efficient reactive groups.  These new 
reactive groups reduce both the effect of dye hydrolysis and problems associated with 
electrolyte contamination (principally sodium sulphate and sodium chloride) in dyehouse 
effluent.  Sodium salts present a particular hazard to sewage treatment authorities as 
treated effluent containing high concentrations of sodium salts cannot be recycled onto 
land.  Potassium salts are a suitable alternative electrolyte, since potassium is an essential 
element in the agricultural growth chain.  Effluent containing potassium salts can be more 
readily recycled onto land.   However the industry is reluctant to use the potassium salts 
due to the higher cost and perceived low availability.   
 
Table 1.2 shows that reactive dyes for cellulose and hence cotton have the greatest loss to 
effluent.  A major problem with the reactive dye system is the tendency for the dye to  
Table1.2.  Estimated loss to effluent of different dye/fibre combinations [8].
 
 
Dye class Fibre Estimated loss to 
effluent percent 
Acid Polyamide 5 – 20 
Basic Acrylic 0 – 5 
Direct Cellulose 5 – 30 
Disperse Polyester 0 – 10 
Metal –complex Wool 2 – 10 
Reactive Cellulose 10 – 50 
Sulphur Cellulose 10 – 40 
Vat Cellulose 5 - 20 
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H- OH
 
  + Dye – Cl   → Dye –OH + HCl 
 
Figure 1.10. Hydrolysis of a typical monochlortriazine reactive dye. 
 
hydrolyse during the dyeing process. This hydrolysis increases as both the pH and the 
temperature increase.  Dye that has not diffused into the fibre, which is either lying on the 
fibre surface or in solution in the water, reacts with the hydroxyl (–OH) group in water 
rather than the cellulose as represented in Figure 1.10.   
 
Once the dye has reacted with water it is not possible for it to react with the hydroxyl 
groups of cellulose.  Hence the hydrolysed dye is disposed to effluent. 
 
1.3.4   Environmental Issues 
The loss to effluent is greater for cellulose than other fibres, due to the much lower affinity 
of the cellulose fibre for dyes dissolved in water.  In water, both cotton cellulose and the 
dyes have a negative charge.  Electrolyte is added to the dyebath to induce a positive 
charge at the fibre surface so that dyes may be absorbed at the surface before diffusion into 
the swollen fibre.  Other dyes for cellulose such as sulphur and vat dyes suffer from other 
problems; the former using sodium sulphide in both manufacture and application and the 
latter using sodium dithionite as the reducing agent.  Both of these sulphur containing 
chemicals are harmful to the environment as well as effluent transport and process systems  
such as concrete pipe work and effluent treatment works.  At the concentrations employed 
sodium sulphide in the effluent stream breaks down yielding hydrogen sulphide gas which 
is poisonous; sodium dithionite yields sulphur dioxide which is also toxic. 
 
 
1.4. The Cotton Fibre: An Overview 
 
1.4.1 Sources of Cotton Fibre 
Cotton is a natural vegetable fibre from the seedpod of plants in the Gossypium family or 
genus Hyabiscus, and is grown in subtropical climates.  About 45% of total world wide 
fibre consumption is represented by cotton.  The principle sources of cotton fibre are listed 
in Table 1.3.  Cotton fibres exhibit considerable variability in their chemical and physical 
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properties, depending on the country of origin and the conditions under which they are 
cultivated.   
 
Table1.3. World cotton production 2006/2007 [9]. 
            Source          Million Kg.     
China    7,079.90 
India    4,746.30 
USA    4,702.75 
Pakistan    2,155.43 
Brazil    1,524.04 
Uzbekistan   1,175.69 
Turkey       870.88 
         African Franc Zone              653.16 
         EU – 25               326.58 
         Syria               217.72 
         Egypt               217.72 
         Turkmenistan              261.26 
          Australia               239.49 
 Others     1,741.76 
World Total                        25,930.45 
 
1.4.2 Physical and Chemical Properties of Cotton 
Variability can be evident in fibres even from the same seed pod.  Hence consistency in 
fibre sourcing is required to ensure minimal changes in processing characteristics between 
production lots.  This presents a major challenge to the textile manufacturing industry.  
Figure 1.11. shows the major features in the cross-section of the cotton fibre. 
 
 
Figure 1.11. Cross-section of cotton fibre, showing salient features. 
 
 
Table 1.4. shows the typical chemical composition of cotton fibres.  The cellulose content 
varies from a low of 88% to a high of about 96.0%.  In the natural harvested state the 
average cotton fibre is approximately 90% pure cellulose.  This percentage rises to about 
96% after industrial scouring and bleaching.  Scouring removes natural occurring waxes, 
salts and pectins present in the fibre.  Pectins are a complex group of substances, the chief 
constituent being polygalaturonic acid.  These pectins appear to be concentrated in the 
 
wax 
Lumen
protein 
cotton  
fibre 
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Table1.4. Chemical composition of cotton fibres [10].
 
 
Percent (dry weight) Constituents 
Typical High Low 
Cellulose 94.9 96.0 88.0 
Protein 1.3 1.9 1.1 
Pectins 0.9 1.2 0.7 
Ash 1.2 1.6 0.7 
Wax 0.6 1.0 0.4 
Organic acids, maleic, ciric, etc. 0.8 1.6 0.5 
Total sugars 0.3   
Pigment Trace   
Other 0.6   
 
 
primary wall of the fibre.  The ash content consists of a range of inorganic compounds 
principally sodium, calcium and magnesium salts.  Bleaching gives the fibre a brighter 
cleaner colour and serves to reduce imperfections in fibres from different sources.  
Depending on the method of yarn manufacture, cotton seed or husk may be present in the 
final yarn.  Combed yarns contain less cotton seed as the majority of this is removed 
during the combing process.  Carded yarns however contain more of the seed which is 
bleached during the bleaching process to give a more uniform fabric appearance. 
  
Cellulose is a polysaccharide of which the repeating unit is β-glucose.  The repeating unit 
of the molecular chain can be represented as in Figure 1.12.  There is strong hydrogen 
bonding between the hydroxyl groups of the molecular chains, so that the polymer chains 
do not break easily even when the fibre is saturated with water.  Unlike other cellulosic 
fibres, for example flax, hemp and jute, cotton is unique in that its strength does not 
decrease when wet.  The strength of the cotton fibre increases when wet due to the 
increased hydrogen bonding.   This is because water molecules can easily form hydrogen 
bonds with the free cellulose hydroxyl groups.  The hydrophilic nature of cotton allows 
moisture to penetrate readily between the fibrils into the non-crystalline regions of the 
polymer chain.  Cotton has a regain of   8.5% at 65% relative humidity and 20°C measured 
as per Australian Standard AS.2001.7-2005 (BS 4407.1988. MOD).  However, at 100% 
humidity the regain rises to 25 - 26%.   Water absorption at high humidity results in the 
swelling of the secondary cellular wall, which has little effect on the fibre length.  This is 
unusual as when swelling takes place there is normally a reduction in length proportional 
to the degree of swelling. 
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Figure 1.12. Chemical representation of the repeating unit of cellulose. 
 
 
1.4.3 Chemical Treatment of Cotton 
During the scouring of cotton fabrics prior to dyeing, alkalis such as sodium hydroxide and 
sodium carbonate are used.  This scouring removes waxes and impurities from the fabric 
and has an influence on the dye uptake depending on the amount of alkali used.  Treatment 
of cotton with higher quantities of alkali i.e. 26% sodium hydroxide (mercerising) has a 
more marked effect on the physical and chemical properties of the cotton fibre.  The 
average regain of the fibre increases by almost 25% to 10.5% at 65% relative humidity and 
20°C.  Mercerising also results in physical changes to the cotton fibre that give added 
value to the final product.  If the fabric is under tension during the sodium hydroxide 
treatment the fibre is prevented from shrinking during the swelling process.  Surface lustre 
is developed, in part due to the changes that take place in the fibre cross-section.  The fibre 
loses its kidney shape and becomes more circular as shown in Figure 1.13., thus increasing 
the surface reflective properties.  Increased hydrogen bonding between the molecular 
chains also occurs thus giving an increase in fibre strength of approximately 20%.   Since 
the fibre swells dramatically during the treatment, the fibrils in both the crystalline and non 
crystalline regions become more accessible to the penetration of moisture.  Thus the 
relative moisture absorbency increases.  This increase in moisture absorbency increases the 
comfort factor of a typical cotton garment.  At the same time the dye-ability of the fibre 
increases, so that a lower quantity of dye is required for a given shade depth.  Not all 
cotton fabrics are mercerised.  Therefore the experimental work in this study was restricted 
to cotton fabrics that had not been mercerised. 
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                   Figure 1.13.  Scanning Electron Micrographs of cotton fibre before  
                          and after treatment with 26% sodium hydroxide.  
           [Dr.L Arnold, RMIT University – personal communication]   
 
Within any given cotton crop a percentage of immature and dead fibres will always be 
present.  The percentage of these fibres depends to a large extent on the conditions during 
the ripening period of the crop.  Figure 1.14 illustrates the variability in the fibre cross 
section between mature, immature and dead fibres.   Immature fibres dye lighter than 
mature fibres causing colour variation.  Dead fibres in a yarn or fabric show as uncoloured 
or white flecks lowering the appearance of a fabric and thus the final finished quality.  
 
Cotton fibres sourced from different growing regions vary widely in fibre length, fineness 
and colour.  These variations can result in large fibre losses during spinning and wet 
processing particularly when immature fibres are present.  Variations between batches can 
also result in variable uptake of dye by the fibre giving rise to colour variations. 
Electron micrograph of 
untreated cotton fibres showing 
the shape of the fibre cross-
section and the presence of the 
central canal or lumen in some 
fibres. 
Electron  micrograph showing 
the effect of treatment with 26% 
sodium hydroxide (caustic soda) 
on the fibre cross-section.  Note 
the fibre cross section is more 
circular. 
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Figure 1.14. Mature, immature and dead cotton fibres. 
 
This is particularly so when scouring using sodium hydroxide.  Partial mercerisation of the 
fibre can occur.  For this reason the quantities of chemicals used in scouring and bleaching 
processes need to be carefully monitored. 
 
 1.5. Detergents 
Detergents are essential to the cleaning of textile fabrics; in processing and for laundering 
after wear.  Detergents are surface active chemicals that have the ability to emulsify, wet, 
suspend and remove soily matter from textile materials.  They are formulated to have 
particular performance characteristics to meet a specific customer’s end use requirements.  
Formulations can be made to meet a specific price point.  Detergent systems used in textile 
processing are significantly different to those used within the home environment.   
 
Mature cotton fibre with 
a very thick secondary 
wall.  When dyed the 
secondary wall is dark.  
Notice the lumen is 
completely collapsed. 
Immature fibre, secondary 
wall shows both thick and 
thin places, so the fibre 
will dye lighter.  Dyeing 
properties can be 
improved by mercerising 
Dead fibre,  very little cell 
wall, when dyed the fibre 
appears white.  Cannot be 
improved by mercerising. 
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1.5.1. Textile Processing Detergents  
Industrial detergents used by textile manufacturers as a general rule do not contain 
additives such as alkalis, foaming agents or buffers.  Textile manufacturers prefer to make 
specific chemical additions based on local machinery, water conditions, fibre and fabric 
quality.  Because of the types of machinery and pumping systems used in textile wet 
processing detergents should not foam excessively.  The production of foam reduces the 
efficiency of the pumps used to circulate liquor.  Pumping systems in textile processing 
machines are usually centrifugal impeller pumps.  The presence of foam reduces the rate of 
liquor flow and in extreme cases liquor flow can stop. 
 
1.5.2. Laundry Detergents 
Domestic and commercial laundry detergent systems vary widely, some containing more 
alkali than others; while others contain oxygen generating bleaching compounds such as 
sodium perborate or sodium percarbonate.  An example of a typical domestic powder 
detergent formulation is represented in Table 1.5.   
 
Table1.5. Constituents of a typical domestic detergent formulation [11]. 
_________________________________________________________________________________________________________ 
 Constituent                Percentage 
_______________________________________________________________________ 
     
Active detergent (alkyl benzene sulphonate)      23% 
Tri poly phosphate
*
       30% 
Sodium silicate                8% 
Sodium carbonate Na2CO3
*
               2% 
Sodium perborate         6% 
Sodium sulphate Na2SO4           -   20% 
Carboxymethyl cellulose               10% 
Foaming agent                  2% 
Optical brightening agent          trace 
*Current detergent systems have lower phosphate and higher sodium carbonate concentrations.  
 
The phosphate, silicate and sodium carbonate act as “builders” to improve the performance 
of the detergent as well as assisting in the removal of greases and dirt from the fabric.   
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Carboxymethyl cellulose acts as an emulsion stabiliser and prevents re-deposition of the 
suspended dirt particles once removed from the fabric.  The addition of a foaming agent is 
required as the detergent, alkyl benzene sulphonate, does not foam strongly.  Sodium 
sulphate is a by-product from the neutralisation of the sulphonic acid in the detergent.  The 
composition of domestic detergents has changed in most developed countries due to  
legislation reducing the allowable concentration of phosphates in domestic and industrial 
effluent.   Limits on the amount of phosphates in domestic detergents are now typically 
about 10%; for example the Material Safety Data Sheets - Unilever Australia Pty. Ltd. 
(Appendix I).   
 
The ECE Reference Detergent [12] has been developed for testing the washing fastness of 
dyes.  Most laundry detergents now contain optical brightening agents.  The type and 
concentrations of the optical brightener vary with the manufacturer, market and promotion 
strategies of the product.  The ECE reference detergent as formulated does not contain any 
optical brightening agent.  
 
The ECE Reference Detergent has been adopted as the industry standard for washing 
fastness tests to overcome the problems associated with optical brightening agents.  The 
composition of the ECE Reference Detergent is shown in Table 1.6, and is used in place of 
the soap and sodium carbonate combination when carrying out washing fastness tests.   
While this standardises industry testing practice it does leave open the possibility of 
“anomalous” or different colour change in the domestic laundry process because of the 
differences in manufacturer’s formulations. 
 
Professor Derek McKelvie (formally of Marks & Spencer UK) advised the author by email 
that in the early 1970’s British Home Stores (BHS) recognised that different domestic 
detergents had different effects on some dyes.  This resulted in BHS introducing the 
“DAZ” test; a test required to be used by suppliers to evaluate whether or not their 
products met BHS specifications.  The “DAZ” test replaced soap and sodium carbonate  
with a consumer retail home laundry detergent powder in a standard washing fastness test.  
The conditions, of time and temperature remained the same as in the standard test.  “DAZ” 
was chosen because it was the most severe home laundry detergent then available in the 
UK.  The greatest level of staining against adjacent white fabrics was obtained when this 
test was used. 
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Table1.6. Constituents of reference detergent [12]. 
________________________________________________________________________  
  Constituent         Percentage 
________________________________________________________________________ 
Linear sodium alkyl benzene sulphonate   8.0% 
Ethoxylated tallow alcohol (14 Ethylene oxide )  2.9% 
 Sodium soap ( chain length) 
 C12 – C16 13 – 26%      
 C18 – C22 74 – 87%       3.5% 
 Sodium tripolyphosphate              43.7% 
 Sodium silicate      7.5% 
Magnesium silicate      1.9% 
Sodium carboxymethyl cellulose    1.2% 
EDTA sodium salt      0.2% 
Sodium sulphate (anhydrous)              21.2% 
Water         9.9% 
_________________________________________________________________________ 
 
1.5.3. Alkali in Laundry Detergents 
Alkalis are added to laundry detergents to assist in the removal of oils, fats and waxes.  
Typically sodium carbonate is used, as this saponifies the animal fats, vegetable oils and 
waxes to form a soap.  This allows easier removal of oily substances.  Other alkaline 
materials such as sodium silicate and sodium polyphosphates can also be included in the 
formulation to buffer the system particularly if water hardness is a problem.  Many laundry 
detergents also include alkaline salts of ethylene di-amine tetra-acetic acid (EDTA) as 
water quality improvers.   Sodium salts of EDTA are excellent for removing metallic 
contamination in water and also metal stains on garments.  As some reactive dyes are 
based on metal complexes there is the possibility of the EDTA “de-metallising” the dye 
resulting in a change in properties.   
 
Water from many sources, particularly sub-surface or bore water, can contain large 
amounts of dissolved calcium and magnesium salts giving rise to hard water.  The 
presence of the calcium and magnesium salts in the water reduces the efficiency of the 
detergent system particularly if soap is included in the formulation.  Washing additives 
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such as Calgon (sodium hexa-metaphosphate) can be used to soften hard water and hence 
improve detergent performance.  Water will be made slightly alkaline through the 
application of water softening chemicals [13].
 
 
The affect of alkali retained by fibres after repeated laundering on the stability of dyes to 
light is not well researched.  This research study proposes to assess the effect of residual 
alkali on the performance of the selected reactive dyes used. 
 
1.5.4 Action of Cleaning 
In order to understand the cleaning action of detergents it is appropriate to consider the 
mode of action of detergents in the laundry process.  Mechanical action also plays an 
important part in the cleaning process, as it facilitates the removal of solid particles of dirt, 
which must be then suspended within the solvent detergent system. 
 
Water alone is incapable of removing dirt, oils and fats; neither is water a good wetting 
agent for textile materials.  Oils and fats are non-polar and are not attracted to water.  
Hence detergents become the key element of washing processes.   According to Adam [14] 
cleaning occurs in five stages: 
• lowering the surface tension of water; 
• wetting of the solid surfaces by the water; 
• penetration of water into the porous solid; 
• removal and detachment of grease from its adhesion to a solid; 
• suspension, dispersion or emulsification of soils, dirt, grease and fatty 
matter. 
In any cleaning process involving water it is essential that there is thorough wetting of the 
material by water.  The reduction of surface tension of water and the wetting of the 
material are essential factors in the removal of oils, fats and dirt.  For water to wet textile 
materials it is essential that the surface tension of the water is lowered.  Detergents are 
long chain hydrocarbons to which are attached polar and non-polar groups.  The polar 
groups are the water solubilising groups either a sulphonate (-HSO3) or a sulphate (-SO4) 
group.  These groups are attracted to the water and the hydrocarbon head or non-polar 
groups are attracted to the soil in the fabric. The detergent chains then surround the soil 
and with mechanical action they are detached from the fabric to form groups of micelles 
that are held either as an emulsion or in suspension until removed by the drain cycle. 
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Domestic and industrial laundry cleaning processes influence the fading of dyes.  Fading is 
possibly due to exposure to light during drying, and/or to particular chemical reactions 
which occur in the washing of fabrics and garments.   In both cases an understanding of 
the basic principles of the cleaning process should help clarify how colour losses and 
colour changes may occur. 
 
1.6 Variables in Domestic and Industrial Laundering 
There are a large number of variables in domestic and commercial laundering of fabrics 
and garments.  The most important variables are: 
(i) volume of liquor in the machine relative to the weight of fabric being 
washed i.e. liquor ratio; 
(ii) efficiency of the rinsing process e.g. number of rinse cycles and the liquor 
to fabric ratio; 
(iii) type of detergent and alkali plus the presence of other cleaning aids, buffers 
and additives such as blueing or optical whitening agents; 
(iv) pH of the wash liquor; 
(v) pH of the final rinse; 
(vi) temperature of the washing and rinsing steps; 
(vii) degree of mechanical washing action, and the severity of the extraction 
system. 
 
 All of these have an influence on the performance of a dyed fabric, particularly over the 
life of the garment.  Drying conditions will also influence the ultimate performance of a 
fabric. 
 
1.7 Effect of Light on Dyes. 
The fading in light of textiles in general and cotton textiles in particular has been an issue 
for dyers and technologists well before the discovery by W.H.Perkin of the first synthetic 
dye (mauveine) in 1856.  
   
Textile dyes when applied to fabrics are subject to the action of 
a range of outside influences for example light, gases such as nitrogen oxides and moisture 
which may contain dissolved atmospheric chemicals.   Reactive dyes have high fastness to 
wet treatments but the performance of a reactive dye to light is critical.    Early studies on 
light fading (Gebhard [15], 1910) showed that cotton fabrics dyed with direct dyes did not 
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fade when exposed under vacuum.  From these experiments it was concluded that light 
fading was an oxidative process.  Light fading is normally carried out by exposing the dry 
dyed fabric to a specific light source.  The majority of home textiles are often exposed to 
daylight in a wet condition following laundering.  Line drying under sunlight is known to 
result in accelerated fading.  The swelling of the fibre by water is one probable 
contributing factor.  This swelling allows increased diffusion of the oxygen and other 
chemicals contained in the water to penetrate the fibre micro structure and influence the 
rate of fading. 
   
Dyes are complex chemical structures.  Furthermore, they can contain impurities, isomers 
of the main structure, as well as un-reacted intermediates.  The dye structure may also 
contain substituent groups that are affected by light in their own right.  Many dyes consist 
of several related structural isomers that can influence a number of the properties of the 
dye such as build-up, rate of dyeing, colour, fastness properties as well as the degree of 
fixation on the fibre.   The dye may exist in various states of aggregation within the fibre 
due in part to the differences within the fibre microstructure. 
  
It is also possible that certain chemical structures can combine with oxygen under the 
action of light to form peroxides.  Under these circumstances light has a strong 
accelerating effect on the formation of peroxides and hence accelerate the rate of fading.  
This is particularly so with certain anthraquinone vat dye structures.  Egerton, in his paper 
The Mechanism of the Photochemical Degradation of Textile Materials [16], raises the 
hypothesis that hydrogen peroxide is formed on the wet fabric during exposure to light, 
particularly if the dye is of the sensitising type. 
 
1.8 Assessment of Light Fastness and Wet Fastness Properties of Dyed Fabric 
Several reactive dyes exhibit abnormal wet fading when exposed to light under moist 
alkaline conditions [17]. 
  
More recently, however, interest has been directed to the effect 
of oxygen generating bleaching agents such as sodium perborate and sodium percarbonate 
as additives to domestic laundry detergents and their effect on the change of shade and 
wash down effect (oxygen bleach fading) of various dyes on cotton and its blends [18], 
[19], [20].  However, the effect of such oxygen generating chemicals and their effect on 
the light fastness of certain dyes after repeated washing and subsequent exposure to light 
has not been investigated.  
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The evaluation of the washing fastness of dyes is a subjective process.  Change of shade 
and degree of staining onto adjacent fabrics is assessed using the International Standard 
Grey Scales.  Two series of scales are used, one for assessing the change of shade of the 
dyed fabric and the other for assessing the staining onto an adjacent white fabric.  AS 
2001.4.15 - 2006 lists a number of washing conditions that can be used to evaluate the 
performance of a particular dye under specific conditions.   These tests closely mirror 
those used in ISO 105, Textiles – Tests for Colourfastness, and vary in severity in both 
temperature and degree of mechanical action that can be introduced. 
  
However these tests do not give the complete picture.  They do not provide data as far as 
the actual performance of the dye is concerned, particularly during subsequent wear and 
under domestic washing conditions.  Domestic laundering conditions vary widely.  
Samples tested from a particular dye batch of new cotton garments will provide 
information on whether the dye has been correctly applied, and the general fastness data of 
the dye under the specific conditions of test. For example, if the adjacent fabrics were 
heavily stained it would indicate that hydrolysed dye had not been completely removed 
from the fabric surface during processing, as illustrated by Figure 1.15. 
 
D – CH2 = CH2 +  HO-H     →  D – CH2CH2OH–H 
 
Figure 1.15. Representation of the hydrolysis of a vinyl sulphone dye. 
 
 
1.8.1 Tests for Wash Fastness 
In the evaluation of the performance of a dyed fabric to washing the most common test 
solution used is 5.0g/l standard soap together with 2.0g/l sodium carbonate.  Other 
additions such as hydrogen peroxide or sodium hypochlorite may be made to this solution 
to predict a dye’s ultimate performance.  Other detergents systems can also be used and the 
tests carried out under a range of temperature and time conditions so long as they are 
specified in the test results.  As a general rule only a single test is carried out.  Shade 
change and staining of adjacent fabrics are assessed visually against the International 
Geometric Grey Scales [21].   The extent of shade change is assessed using a grey scale 
that shows differences of 0, 1.5, 3, 6, and 12 N.B.S. (National Bureau of Standards) units 
[22].  The staining on adjacent undyed fabrics is assessed by comparing the pattern with 
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pairs of grey scales that shows differences of 0, 4, 8, 16 and 32 N.B.S. units.    A long 
liquor ratio of 50:1 is used in all test procedures.  This is much longer than that normally 
found in domestic and industrial machines.  At the completion of the washing test the 
composite specimen (consisting of the original sample together with the specified adjacent 
fabrics) is rinsed under cold running water for 2 minutes.  Here again such conditions do 
not replicate that found in domestic practice. 
 
1.8.2 Test for Perspiration Fastness   
Wet perspiration is also known to influence the light fading of dyes.   A number of studies 
have been published [7], [23]
   
and a specific test developed.  This test (ISO/WD 105-B07 
part of ISO 105) specifies a method to assess the fastness of dyes when perspiration is 
present and the sample exposed to a specified light source.  Originally the test specified an 
acid perspiration solution.  An alkaline solution was subsequently added to the testing 
procedure.  Subsequent studies showed that there was little difference in the results 
between the acid and alkaline “perspiration” solutions.  The main reagent used for the 
perspiration solution is L-histidine monohydrochloride monohydrate (C6H9N3O2HCLH2O) 
in combination with sodium chloride, lactic acid and a suitable phosphate buffer for the 
acid test at pH 4.3 ± 0.2.  The alkaline solution is prepared in a similar manner with an 
alkaline phosphate buffer to a pH 8.0 ± 0.2. Fading is conducted using a xenon arc lamp 
against the standard wool blue scales.  
 
1.8.3 Other Tests for Fastness 
Various test methods for colour fastness to light, perspiration and water of some reactive 
dyes have been evaluated by Okada, Sugane et al [24].
   
They concluded that because of the 
range of different types of reactive dyes, the fastness results were sometimes contradictory 
and that various light fading occurred in the cellulose depending on the environmental 
conditions.  It was claimed that there was no practical testing method that could strictly 
estimate whether the fading was reductive or oxidative.   Current test methods were shown 
to be inadequate to estimate the true stability of a reactive dye particular with regard to its 
light stability. 
Unilever, the global household detergent manufacturer, has studied the mechanism of 
fading of commercial reactive dyes on cotton [25].  They evaluated the effect of moisture 
on the rate of fading and found that in the pH range 3-8 wet fabric fades faster than dry.  
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Larger increases in the rate of fading were noted at pH 2 and pH 9.  In their study samples 
of printed cotton were irradiated in a quartz glass bath filled with water using xenon arc.  
The paper illustrated that oxygen was required for fading to occur.  They also noted that 
UV (ultra violet light) could be eliminated from the light source if the fabric was treated 
with a suitable UV absorber.  No work has been carried out on the effect of consecutive 
wet exposure, drying, then washing and wet exposing a number of times using domestic 
laundry detergents, as would be undertaken in a normal household situation.  The rate of 
fading in both dry and wet states as well as in the presence of artificial perspiration has 
been evaluated [26].  The authors concluded that in the dry state or in the presence of 
artificial perspiration the fading mechanism was reductive.  However, in the presence of 
water, fading was caused by oxidation. 
A number of workers have studied the fading of reactive dyes in both wet and dry 
conditions but using cellophane as the substrate [27]. 
 
 Cellophane is a purer cellulose 
substrate compared to commercially grown cotton and therefore does not take into 
consideration the effect of the micro molecular structure of the cotton fibre.  The micro 
molecular structure comprises both crystalline and non-crystalline regions that are not 
regularly spaced along the molecular chain.  This variation could account for some of the 
problems associated with dyestuff fading during a garments normal life cycle. 
 
1.9 Mechanisms of Fading of Dyes by Light 
Light fading of textile dyes has been reviewed [28] and a complex picture of the 
mechanisms relating to the fading of dyes is evident.  The colour of a dye arises from 
absorption of light in the visible region i.e. 400 – 700nm.  The absorption of light raises 
the dye molecule to an electronically exited state. If enough energy is transferred to the 
dye molecule the electrons may move to a higher orbital.  Once in this higher state the 
energy is then dissipated in the form of reflected light so that the electrons can return to 
their original orbital.  While in the higher energy state the charge separation of the π-
electrons becomes greater and as such could be more easily affected by moisture and 
detergent additives.  
 
The light fading of reactive dyes on cotton and silk has been investigated by Deepali, 
Rastogi et al [29].   They concluded that light fastness is influenced by both the nature and 
degree of dye fibre interaction.  They also concluded that the bi-functional reactive dyes 
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perform better than the mono-functional types due to the formation of fibre–dye-fibre 
cross-links within the fibre micro structure.   
 
 Most dyes can be degraded by photo-oxidation via singlet oxygen.  It is the singlet oxygen 
that initiates the degradation of the dye.  Griffiths and Hawkins [30], elucidated the photo-
oxidative process of some azo dyes that showed the attack on the singlet oxygen was via 
unsaturated hydro peroxide intermediate. 
 
If a dye (represented by 
3
D in the triplet ground state as a free radical) is attacked by 
singlet oxygen, light fading of the dye can be initiated.  This will occur if the dye is 
sensitive to peroxy - forming products in the wash liquor as shown in Figure 1.16.   As 
previously discussed, it is known that peroxy forming compounds (such as sodium 
perborate or sodium percarbonate) when added to domestic detergents, can influence the 
light fading of a sensitive dye.  
 
                 
3
D*   +   
3
O2   →   D    +   
1
O2 
   
                
1
O2   +    D    →   Decomposed dye  
 
Figure1.16. Possible peroxy compound formation causing degradation [30]. 
 
Dye molecules contain a large number of double bonds.  It is this arrangement of 
alternating double and single bond that gives dyes their colour.  Typically there are a 
number of ways in which light fading can occur: 
(a) Breaking of the double bond and molecular rearrangement.  If the energy is  
great enough for the shared electron to be displaced and leave the molecule, 
resulting in a single bond, then the shape of the molecule and hence the colour 
changes. 
(b) If the bond receives sufficient energy to break completely, this can create two 
or more different and smaller molecules.  As a result a colour change, i.e. 
fading occurs. 
In the production of cotton fabrics dyed with reactive dyes, if latent peroxide from the  
bleaching process is present, the peroxy compounds can interfere with the bonding 
mechanism. This interference causes hydrolysis of the dye, resulting in poor exhaustion 
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and dye fixation.  Thus lower fastness to wet treatments in the final finished fabric can 
occur.  If the dye is sensitising as far as light is concerned an increase in the rate of light 
fading can occur under subsequent moist alkaline conditions.  As the cotton fibre in the 
moist state is swollen, there is a greater tendency for oxygen and peroxy compounds to 
enter the fibre micro structure, thus attacking the dye fibre covalent bond. 
  
Light fading may also take place where high energy ultraviolet light is present.  The 
substrate can influence the light fading of the dye to which it is bound, particularly if the 
substrate contains carbonyl (C=O) groups which can be excited.  If the reactive dye is 
covalently bound to the cellulose rather than physically bound, then the light fastness 
would be expected to be greater [7].  
 
1.10 Factors Affecting the Light Fastness Properties of Dyed Cotton 
The factors that influence the light fading of textiles can be summarised as follows [31]: 
a) light source intensity and wavelength distribution; 
b) exposure time; 
c) surface temperature of the fabric; 
d) moisture content of the fabric; 
e) composition of the surrounding atmosphere; 
f) the chemical and physical structure of the textile fibre; 
g) the degree of dye aggregation within the fibre structure; 
h) presence of metal ions either bound in the dye or present as impurities 
on the fibre. 
These are generally considered to be the basic parameters.  However, recent research [3] 
has shown that with respect to cellulosic fibres additional factors come to bear such as pH 
of the sample and residues of additives present in domestic washing detergents. 
 
1.11 Evaluating Light Fastness 
The effect of bleaching agents in detergents has been well documented, particularly their 
effect on the “wash down” or colour loss properties of various dyes [18], [19], [20].  A 
specific test has now been adopted for the evaluation of colour fastness of textiles to 
domestic and commercial laundering, ISO 105-C09:2001.    In a recent study [26]
 
it was 
found that the rate of fading of vinyl sulphone dyes was greater under conditions of acid 
perspiration rather than alkaline perspiration. The study also concluded that the presence of 
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L-histidine monohydrochloride, lactic acid and DL-aspartic acid have a major effect on the 
fading of some reactive dyes.  The effect of residual alkali retained in cellulosic fibres after 
domestic washing has not been thoroughly investigated.  For some time it has been known 
that the light fastness of cotton textiles, in particular dark shades such as navy and black, 
can  present problems.  Current standard methods of test are all based on exposing a dried 
sample of fabric to a specific light source, either daylight, xenon arc, carbon arc or MBTF 
(Mercury Tungstan Filament Lamp).  None of these tests take into account the effect of 
domestic laundry detergents, retained alkali, detergent systems, moisture and their effect 
on the light fastness of a textile fabric after repeated launderings and wet exposure during 
drying.    
 
Early evaluation of various accelerated light fading tests rather than daylight were carried 
out by Cooper & Hawkins [32] of the General Electric Co. Ltd. Research Laboratories in 
Wembley, England.  They compared carbon arc lamps, mercury discharge lamps and 
tungsten filament lamps.  They concluded that of the light sources investigated none had 
the spectral distribution of sunlight, except for the carbon arc.  Carbon arc emitted 
radiation in the region 300 – 430 nm, approximately the same as noon summer sun in the 
UK.   Typically the wavelength of sunlight is 290 –1700nm; ultra violet 290 – 400nm, 
visible 400 –700nm and infrared 760 –1700nm.  The intensity of the ultraviolet and visible 
components depends on the season, and time of the day.  In the southern states of Australia 
it is well known that the intensity of the ultraviolet radiation is highest in the months of 
December to March i.e. during summer time.  This intensity is due in part to the depleted 
ozone layer over Antarctica. 
 
Dark shades such as navy blue and black are the most susceptible to the problem of fading, 
because changes in shade and tone are more evident.  By way of illustration of the problem 
Figure 1.17 shows a pair of men’s black polyester cellulose washable trousers that have 
been repeatedly washed in a domestic washing machine then dried on an outside line.  The 
trousers have been hung on the line from the waist; hence the major level of fade has 
occurred at the waist band.  Microscopic examination of the faded area showed only the 
cellulosic portion has faded; the black polyester appeared to be unchanged.  Measurement 
of the colour difference between faded and un-faded areas was made.  (HunterLab, 
ColorQUEST II Reflectance Spectrophotometer, 10° observer and D65 as the light source)    
The measurements showed that there had been a loss of depth of 25% in the faded region 
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as well as a significant shift in hue.  However standard tests used by industry to predict 
colour fastness would not have identified the potential for this differential fading to occur. 
 
 
 
Figure 1.17. Polyester viscose trousers after several domestic washes & wet exposure to sunlight. 
 
It is therefore the principle object of this research to obtain an improved understanding of 
the variables involved in anomalous fading of cotton garments during home use. 
 
There are a number of internationally recognised standard tests for the evaluation of the 
light fastness of dyes.  The major difference between the methods is the light source.  For 
example the Japanese test method JIS L-0842 uses a carbon arc lamp.   The daylight fading 
method is rarely used, unless there are specific requirements demanded of the end product; 
for example, military applications.  Daylight fading is a relatively long process as it 
depends to a large extent on the prevailing weather conditions.  Other problems that can be 
encountered are related to atmospheric pollutants such as sulphur dioxide, nitrogen oxides, 
ozone as well as changes in the relative humidity of the atmosphere.  These factors can 
contribute to undesirable side effects in the light fading process and hence unreliability in 
the test data. 
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The Xenon Arc exposure method is widely used in both Europe and the USA for 
accelerated fading of dyes on textiles.  The rate of fading and the degree of the fade is 
compared against a series of Wool Blue Light Fastness Standards.  These are faded 
alongside the sample to be tested.  The Blue Light Fastness Standards consist of a series of 
eight (8) blue acid dyes dyed onto wool fabric.  Standard No.1 has the poorest fastness to  
light and Standard No.8 the greatest fastness.  Each standard in the series is approximately 
twice as fast as the previous standard.  According to Giles[33], in the Microscal apparatus 
fading of the blue standards 1,2,3,and 4 occurs after about 5.5, 11, 22 and 49 hours 
respectively. 
 
A brief description of the method used for daylight fading is as follows:   
• the samples to be tested together with the blue standards are mounted on a card;  
• a portion of each is covered by a suitable light proof material;   
• the samples are mounted under glass at an angle of 45° in a north facing position 
(south facing if in the northern hemisphere);    
•  samples are inspected frequently.  When a change can be just seen compared to the 
unexposed portion, the number of the standard showing a similar change is noted;   
• exposure is then continued until the contrast between the exposed and the 
unexposed portion is equal to the contrast between the two grey patterns illustrating 
Grade 3 of the Geometric Grey Scale for Assessing Change of Shade. 
 
1.12 Summary 
Light fading of reactive dyed cotton fabrics and garments that have been worn and washed 
in a domestic environment is not fully understood.  The general conclusion drawn by the 
majority of researchers is that fading is due to an oxidative process.  Domestic detergent 
formulations contain additives which could contribute to light fading.  For example, the 
presence of an oxygen generating bleach in a domestic detergent could well aggravate light 
fading. 
 
Furthermore standard laboratory tests do not necessarily predict the performance of a dye 
to domestic laundering conditions.  None of these tests take into account the effect of 
domestic detergent residues together with moisture after repeated laundering and wet 
exposure during line drying.  This study aims to investigate these issues in the context of  
light fastness of reactive dyes on one hundred percent cotton.
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Chapter 2. 
Materials and Methodology 
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2.1. Introduction 
The object of this work was to study the effect of repeated domestic launderings and then 
exposure to light on reactive dyed navy blue and black cotton fabrics.  Black and navy are 
the two single most predominant colours dyed throughout the world.  As noted before 
approximately 60% of all dyes produced are black and navy blues.  It is therefore 
reasonable to estimate that about 40% of all textiles are dyed either black or navy blue.  
The percentage of fabrics dyed with these dyes is less than the production figures because 
navies and blacks are dyed at approximately 50% more by weight of dye.  One objective of 
this study was to determine what effect, if any, residual alkali retained in the fabric after 
laundering had on the fading behaviour of the dyes.  Another objective was to study 
whether there is a difference in the behaviour of different detergents and home laundry 
systems on the ultimate light fastness performance properties of the selected dyes. 
 
2.2. Materials 
  
2.2.1 Fabric  
The fabric selected was a pure cotton single jersey typically use for the manufacture of 
upper body garments and sportswear.   
The technical details of the fabric were: 
Yarn type – Rotor Spun carded cotton - 1/24’s Tex. 
Fabric weight – 178g/m
2
 
Fabric construction – single jersey 13courses/cm, 11wales/cm  
 
2.2.2 Dyestuffs 
The dyes chosen represent typical current Australian consumption and are used extensively 
within the cotton dyeing industries throughout Asia and the Indian sub-continent.  Eight 
(8) dyes were selected based on their usage.  
These are:  
• Cibacron Navy LS-G, C.I. Reactive Blue 264  (Huntsman Chemicals formally Ciba 
Specialty Chemicals). This bifunctional dye is known to be possibly based on 
fluoro triazine with a vinyl sulphone reactive group attached to the triazine ring [6]. 
• Sumifix Supra Navy 3GF 150% - C.I. Reactive Blue 222 (Sumitomo Chemicals) 
• Intracron Dark Blue CDX - C.I. Reactive Blue 222 (Yorkshire) 
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C.I. Reactive Blue 222; a bifunctional dye based on monochloro triazine together 
with a vinylsulphone reactive group. 
• Levafix Navy Blue E-BNA - C.I.  Reactive Blue 225 (Dystar).  This dye has 4 
reactive groups, three on the triazine ring and one vinyl sulphone group.  
The three reactive groups on the triazine ring are two fluorines atoms and one chlorine 
atom. Unlike many newer reactive dyes the structure of this dye has been disclosed in the 
Colour Index [34]. 
 
  
Figure 2.1. Structure of C.I.Reactive Blue 225 [34]. 
 
• Remazol Navy RGB 150%- C.I. Reactive Blue 250  (Dystar)– the structure of this 
dye is not disclosed. 
• Levafix Navy C-A (Dystar) – this dye is not listed in the Colour Index and 
assumed to be a mixture. 
• Cibacron Dark Blue W-R (Huntsman Chemicals formally Ciba Speciality 
Chemicals).  This dye is not listed in the Colour Index and was assumed to be a 
mixture. 
• Cibacron Super Black R (Huntsman Chemicals formally Ciba Speciality 
Chemicals).  This particular dye has proved to be very popular within Australia 
being outstandingly economical.  It is a mixture and presumed to be based on C.I. 
Reactive Black 5. 
 
Dyeings at two strengths 1.5% and 3.0% of Remazol Navy RGB 150% were carried out to 
compare the fastness performance between a medium and a full depth shade. 
  
Material Safety Data sheets of the selected dyes were obtained from the suppliers and are 
shown in Appendix II. 
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2.2.2.1 Identification of Constituents in the Dyes Used   
As some of the dyes were not listed in the Colour Index it was assumed that they were 
mixtures of various dyes.  Many commercial dyes are mixtures of at least two dyes.  
Mixtures of dyes are manufactured for a number of reasons; some of these include 
economy of application, improved dyeing properties such as build up and fixation as well 
as better exhaustion.  To determine the mixture constituents,  Thin Layer Chromatography 
(TLC) was carried out on all the eight dyes used.  C.I. Reactive Black 5 was used as the 
reference standard.  
  
C.I. Reactive Black 5 was chosen as the reference because it is the most common reactive 
dye in current use and frequently used in the formulation of commercial black and navy 
blue reactive dye mixtures [4]. 
 
Procedure 
5g/l solutions in deionised water were prepared for each dye. 
Standard Merk 233 TLC plates were used.   
The plates were prepared as follows: a pencil line was drawn 2cm from the bottom of the 
plate this being the origin of the chromatograph.  The plate was divided into five vertical 
sections each section being 4cm wide. A small spot approximately 7mm in diameter of 
each dye solution was placed at the origin using a fine Pasteur pipette.  The plates were 
dried in the laboratory oven @ 40°C. The dried plates were suspended in a glass tank 
containing the eluent so that only 1cm of the bottom of the plate was immersed in the 
eluent.  The top of the tank was closed with polyethene film to prevent solvent evaporation 
and a glass plate placed on top of the film.  After 6 hours the separation was complete.  
The plates were removed from the tank and again dried in the oven at 40°C. 
 
An initial TLC eluent was prepared using the following recipes; the quantities being in 
parts by weight: 
    5pts. n-butyl alcohol  
5pts. pyridine  
3pts. water  
2pts. ammonia 0.880  
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Several trials were carried out but the results from this eluent did not give clear partition of 
the components.  Other problems with this eluent were the strong odour and the toxic 
nature of the pyridine. 
 
A further series of TLC’s were carried using a different eluent composition all constituents 
in parts by weight: 
  6pts. n-propyl alcohol  
1pt. ethyl ethanoate  
3pts. Water 
 This method gave good partition of the dyes. 
 
2.2.2.2 Relative Strengths of Dyes Used 
The relative strengths of the navy blue dyes used were measured using the Hunterlab 
ColorQuest II spectrophotometer.  It was not necessary to measure the strength of the 
black because of the large difference in tone.  The lighter shade 1.5% depth of Remazol 
Navy RGB 150% was not included in the measurements because it was exactly half colour 
strength of the 3.0% shade of Remazol Navy RGB 150% 
 
2.2.3 Chemicals 
A number of chemicals of GPR grade were used during the experiments.  These are listed 
together with the supplier: 
 ammonia 0.880  Science Supplies Pty. Ltd.  
 n-butyl alcohol  Science Supplies Pty. Ltd. 
 pyridine   Science Supplies Pty. Ltd. 
 n-propyl alcohol  Science Supplies Pty. Ltd. 
 ethyl ethanoate  Science Supplies Pty. Ltd.  
 hydrogen  peroxide 50% Degussa 
 sodium hydroxide  Science Supplies Pty. Ltd. 
Dyamul LFA   Yorkchem Pty. Ltd. 
 Seriquest CMA   Yorkchem Pty. Ltd. 
 Dispersant AD  Yorkchem Pty. Ltd. 
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2.3 Standardisation of the Base Fabric 
As a standard base cloth was required for experimental work the jersey fabric was scoured 
and bleached in a Werner Mathis mini jet using the formulation below at a liquor ratio of 
30:1.  The high liquor ratio was necessary to ensure that the fabric ran smoothly in the 
machine.  Under normal production conditions the liquor ratio would be in the order of 
10:1.  Experience has shown that the best results in the laboratory machine are obtained at 
this higher liquor to fabric ratio:   
1.0g/l Commercial Detergent Mixture (Dyamul LFA – Yorkchem) 
  1.0g/l Sequestering agent (methyl phosphonate/ polyacrylate type) 
5.0g/l Sodium Hydroxide (solid) 
  5.0g/l Hydrogen Peroxide 50% 
Chemicals were added at a liquor temperature of 25°C and the temperature raised to 98°C 
at 3.0°C per minute.  The bath was held at top temperature for 45 minutes before cooling 
to 60°C at 3.0°C per minute.  The scoured and bleached fabric was given two rinses at 
40°C then neutralised to pH 6.4 using a 10% sulphuric acid solution.  Finally the fabric 
was given a rinse in cold water prior to hydro-extraction and drying in a relaxed state in a 
drying cabinet. 
 
The commercial detergent used was a mixture of a non-ionic - 9 mole ethylene oxide nonyl 
phenol condensate surfactant together with sodium lauryl ether sulphate added to raise the 
cloud point of the non-ionic surfactant.  
  
The sequestering agent fulfils two functions: 
(a) to sequester any metallic contamination in the fabric that would result 
in the formation of oxy cellulose due to the rapid evolution of oxygen 
from the hydrogen peroxide;  
(b) a mild stabiliser for the hydrogen peroxide. 
Sodium hydroxide was added to aid the removal of the natural waxes present in the cotton 
fibre. 
 
2.4 Preparation of Dyed Fabrics  
 Dyeings were carried out according to the dye manufacturers’ standard method [35], [36], 
[37], [38], [39] of application to cotton.  The percentage of dye applied to the fabric (Table 
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2.1) aimed to give similar colour strength for all navy blue dyes.  The manufacturer of 
Cibacron Super Black R recommended an application of 5.0%. 
 
Table 2.1. Concentration of dye applied to the fabric. 
Dyestuff Percentage of Dye 
Applied to the Fabric 
Cibacron Navy LS-G 4.0% 
Cibacron Dark Blue W-R 3.6% 
Cibacron Super Black R 5.0% 
Intracron Dark Blue CDX 3.6% 
Sumifix Supra Navy 3GF 150% 4.0% 
Levafix Navy Blue E-BNA 4.0% 
Remazol Navy RGB 150% 1.5% 
Remazol Navy RGB 150% 3.0% 
Levafix Navy C-A 4.0% 
 
Table 2.1 above lists the dyes used together with the quantity of dye applied to the fabric. 
The dyeings were performed in an Ahiba Turbomat machine at a liquor ratio of 8:1.  
Approximately 65 -70g of fabric was dyed at each dyeing.  The fabric was wound onto a 
perforated cylinder through which the dye liquor was pumped.  This method ensured level 
and consistent dyeings.  At the completion of dyeing the dyed fabric was given a thorough 
rinse with cold water by passing water through the perforated cylinder and thence through 
the fabric followed by neutralising with acetic acid to pH 7.0.  Dyeings were finally soaped 
at the boil with 1.0g/l Dispersant AD (Yorkchem) to remove unfixed and hydrolysed dye.  
Dispersant AD is a specially formulated product based on a low molecular weight sodium 
polyacrylate.  This type of product has been found to be more effect than soap or non-ionic 
detergents for the removal of unfixed and hydrolysed dye.  Prior to drying the fabric was 
given a final rinse in cold water.  
 
2.5 Light Fading Equipment 
The study required the samples to be exposed wet and the fabric allowed to dry during the 
exposure period.  An appropriate simple test method consistent with the equipment 
available needed to be devised.  A procedure based on the Mercury Tungsten Filament, 
Internally Phosphor-Coated (MBTF) lamp as specified in Australian Standard 
AS2001.4.21.2006 was found to be the most suitable.  This equipment is readily available, 
simple to use and it was possible to mount samples in such a manner as to allow wet 
exposure to occur while at the same time allowing the exposed samples to dry. 
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Extensive evaluation of this exposure system has previously been carried out by the 
Material Research Laboratories of the Australian Department of Defence [40].  They found 
that of a total of 196 textile samples exposed, 81% of the samples exposed to the MBTF 
system agreed with the daylight test and the remaining 19% were not greater than 0.5 of a 
unit (on the blue scale) different.  As a consequence of this work the MBTF lamp was 
adopted as the Australian Standard.  One of the major advantages of the MBTF system is 
cost, not only the capital cost but also the running costs which are significantly lower than 
either carbon arc or xenon.  The system is widely used in both manufacturing industry and 
in the quality control laboratories of major retailers. 
 
In order to ensure that the MBTF lamp used gave the correct radiation emissions a 
radiation profile of the lamp was carried out by CSIRO Division of Polymer Science in 
Clayton as shown in Figure 2.2.  The lamp chosen was a 500W Philips HPML.  
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Figure 2.2. Wavelength of Philips HTML Lamp. 
 
A comparison of the radiation spectrum of the MBTF lamp and sunlight at noon was also 
made as shown in Figure 2.3.  The resultant graphs Figures 2.2 and 2.3 compare closely 
with work carried out by Hindson & Southwell [40].   The initial intensity of light is low 
during the warm-up stage, full intensity being reached after approximately 6 minutes.  
When compared to noon sunlight, the MBTF lamp has a strong peak at around 550nm 
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compared to sunlight at 500nm.   There is also a strong peak at 375nm and a further peak 
at  400 - 410nm  though not  as strong  as that at 375nm.   The  spectrum differs to  that of  
daylight as the radiation cuts out at about 300nm and the peaks in the nearer UV around 
350 – 375nm occur at frequencies to which many dyestuffs are sensitive [40].  The 
sensitivity of dyes to these frequencies can result in the rupture of the azo (-N=N-) link as 
well as damage to the covalent bond that attaches the dyestuff to the cotton fibre.  This 
may well be aggravated by the presence of moisture and other chemicals present on the 
fabric. 
 
Figure 2.3. Comparison of MBTF Lamp against noon sunlight. 
 
2.6 Dry Fading 
As a comparative standard all the dyed fabrics were subjected to fading dry before 
washing as per Australian Standard AS. 2001.4.21-2006.  The loss in colour strength of 
each dye was measured after 10 hours, 20 hours and 30hours respectively. 
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2.7 Washing of Dyed Fabrics 
 
2.7.1 Wash and Exposure Cycles  
To simulate approximately three to four months domestic laundering of a cotton garment, 
the dyed samples were washed 15 times with exposure to light, wet, for two hours after 
each wash.  During the exposure the samples dried.  After the fifth cycle of washing and 
drying the reflectance of the samples was measured and the colour difference calculated.  
This procedure was repeated for ten (10) and fifteen (15) cycles.  The fifteen wash and dry 
cycles described above were carried out for each detergent and machine according to Table 
2.2. 
 
Table 2.2. Detergent and machine type. 
 
Machine Type Detergent 
Top Loading Typical detergent for Top Loading Machines 
Top Loading Formulated Neutral Detergent 
Top Loading Water Only 
Front Loading Typical detergent for Front Loading Machines 
 
 
The volume of water used for a typical wash load in each type of machine was carefully 
measured.  This was necessary in order to determine the mass of domestic laundry 
detergent to be used in each case.  Current standard washing fastness tests do not take into 
account the variability within the domestic home laundry.  For example, Australian 
Standard AS.2001.4.15-2006, describes 24 test procedures but all are similar to ISO 105, 
Textiles – Tests for Colourfastness to Washing; the international standard test method and 
none are truly representative of domestic practice.  
 
As far as possible the experimental conditions aimed to mirror actual home laundry 
practice, particularly in relation to the quantity of detergent powder and the volume of 
water used for a typical wash load. 
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2.7.2 Liquor to Goods Ratio     
Domestic washing conditions vary widely, in particular machine types with varying 
capacities and degrees of mechanical action.  Principally, domestic washing machines are 
of two types: 
1. top-loading machines 
2. front-loading machines 
 
Two machines were selected: 
  Maytag - Top loading machine 
  Hoover Zodiac 12 - Front loading machine 
The regular warm wash cycle on both machines was selected as most appropriate for this 
study. 
 
A series of tests were carried out to determine the liquor volume of the two machines.  The 
volume of liquor for a typical wash cycle for each machine was measured using a flow 
meter.  Typical wash loads will vary depending on the bulk density of the materials being 
washed.  For example a king-sized sheet of approximate area 5.3 m
2
 together with two 
pillow cases will require more water than a number of smaller articles of greater weight.  
By evaluating a number of domestic wash loads with articles of differing bulk it was 
possible to determine the average liquor to goods ratio. The Maytag Top Loading machine 
required 72 litres of water for a large load of 3.5kg of 100% cotton garments.  This equated 
to a liquor to goods ratio of 20:1 i.e. for every 1kg of material 20 litres of water was 
required.  In the Hoover Zodiac front loading machine the liquor ratio again varies with the 
bulkiness of the fabrics being washed.  The machine used a standard volume of 24.5 litres 
per wash.  A range of differing garment weights and bulk were trialled.  It was found that 
the liquor ratio varied between 12.5:1 and 8:1 depending on the type of fabric being 
washed.  It was therefore decided to use a liquor to goods ratio of 10:1. 
 
2.7.3 Detergent Selection   
Two commercial domestic home laundry detergents were chosen for the experimental 
work:   
A. A formulated household detergent system recommended for Top-Loading washing 
machines.  No oxidising bleaches were included in the formulation.  [Note: 
Oxidising bleaches such as sodium percarbonate and sodium perborate are often 
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included in the detergent formulations particularly if low liquors are used for the 
wash cycle.] 
B.  A widely used domestic  detergent powder specially formulated for domestic front 
loading machines.  Foam generation can be a problem in front loading machines so 
the detergent formulations are blended to have much lower foaming propensity.  
This detergent system contained sodium perborate; an oxygen generating bleaching 
and whitening additive that can affect the colour fastness of the dyes. 
 
Material safety data sheets for the above detergents were obtained from the manufacturers 
and are given in Appendix I. 
 
Since detergent systems vary widely in pH, a third and neutral pH detergent was used as a 
reference standard.  The neutral pH detergent was formulated with the following 
constituents:  
 
  15.85g  Sodium Do-decyl Benzene Sulphonate 
    2.90g  Nonyl Phenol ethoxylate, 10 mol ethylene oxide. 
    3.50g   Soap 
   77.75g  Water 
  100.00g  Total 
 
The composition and quantities of the neutral detergent were calculated from the ECE 
reference detergent as previously discussed in Chapter 1 [12].
 
 
2.7.4 Detergent Quantity 
Each of the commercial powder detergents was supplied with a measuring cup and the 
standard application quantity defined on the packaging material.  The recommendations 
were: 
• Normal wash 1 cup of detergent.   
• Heavy soiled fabrics 1 – 2 cups of detergent 
 
Most top loading washing machines have variable liquor quantities depending on the 
weight of fabric being cleaned.  The actual amount of detergent powder to be used in each 
wash was determined.  One measure cup contained 62.5g of detergent.  A typical 3.0kg 
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load of fabrics at the “hi” liquor level requires 72 litres of water. The quantity of detergent 
therefore  would be 0.87g/litre.  The lowest selectable level used 50 litres of water; hence 
the detergent concentration would be 1.30g/litre.  For the purpose of this study the 
detergent concentration selected was 1.0g/l. 
 
The bulk density of the detergent for the front loading machine was slightly heavier; one 
scoop weighing 58.2g.  The nominal volume of water in the wash cycle of the Hoover 
Zodiac machine was 24.2litres.  In this case a detergent concentration of 2.4g/l was used 
for each wash cycle as this quantity was equivalent to the manufacturers’ recommendation 
of 1 scoop. 
 
The neutral laboratory formulated detergent was assessed only in the top loading machine. 
The concentration used was the same as for the commercial top loading detergent powder, 
namely 1.0g/l. 
 
2.7.5 Total Alkalinity and Buffer Capacity of Detergents. 
Buffer curves of both commercial detergents were prepared by titration of a 1.0g/litre 
solution of the detergent with 0.05M sulphuric acid.  A graph of pH against ml. of 0.05M 
sulphuric acid was prepared from the results of the experiment. 
 
Total alkali as sodium carbonate of each detergent was determined by titration of a 
10.0g/litre sample of the detergent powder with 0.05M sulphuric acid using bromo-thymol 
blue as indicator. 
 
2.7.6 Washing Conditions  
Simulated laboratory washing tests use a series of ball bearings to replicate the mechanical 
action of a washing machine, at a long liquor ratio.  As a number of fabrics were to be 
washed together (simulating household laundering) a suitable machine giving control of 
liquor to goods ratio, temperature as well as comparable mechanical action was required.  
The Werner Mathis multi purpose dyeing machine offered the most appropriate system for 
the washing trials see Figure 2.4. 
 
The garment dyeing attachment was appropriate for both the top loading and front loading 
machines refer Figure 2.5.   This attachment can be run at variable speeds from 1r.p.m up 
to 25r.p.m.  The tumbler speed was set at 12r.p.m.   
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Figure 2.4. Werner Mathis multi purpose dyeing machine. 
 
 
 
 
       Perforated garment dyeing    Water Jacket surrounding 
  attachment         the enclosed cylinder 
 
Figure 2.5. Internal mechanics of the Werner Mathis machine. 
 
 
External door 
giving mechanical 
seal to the machine 
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As the mechanical action in a house hold washer is provided by either a tumbling action in 
the case of a front loading machine or by the bowl (or central vaned paddle) reciprocating 
as is the case in the top loading machine this speed was considered to be appropriate.  
Heating and cooling is by way of a water filled electrically heated jacket surrounding the 
cylinder.  The temperature and process time are controlled with the Datex 2000 electronic 
controller Figure 2.6.  
 
During the washing cycle the unit is sealed with a door on a mechanical seal so that no 
liquor leaks from the system during the process.  An externally mounted tank is filled with 
the required volume of water.  The pre-weighed and dissolved detergent powder was 
added by way of an addition device so that no chemicals were lost during the addition 
phase. 
 
 
 
Figure 2.6. Datex controller. 
 
 
The nine (9) dyed samples were washed together at the pre-determined liquor to goods 
ratio together with the requisite quantity of detergent.  White fabric was included in initial 
tests to determine if colour in liquor cross stained to the other fabrics.  There was no colour 
bleeding causing cross staining therefore the nine dyeing   were washed together.  
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The following amounts of detergent were used; 
  1.0g/litre Typical detergent for the Top Loading Machine 
 1.0g/litre Neutral laboratory formulated detergent for the Top Loading  
      Machine 
  2.4g/litre Typical commercial detergent for the Front Loading Machine. 
 
A water insoluble marking pen was used to mark the area to be exposed.  Hence only the 
area exposed to light was measured by the reflectance spectrophotometer.  The fabric 
samples were placed in a suitable polyester net bag, normally used in households for the 
washing of delicate lingerie fabrics.  
 
2.7.7 Wash Procedure for Top Loading Machines. 
A set of the nine (9) dyed samples were washed with detergent for top loading machines 
and a second set of the nine (9) dyed samples were washed with the Neutral detergent 
formulation, using the conditions for top loading machines.  A further set of samples were 
washed with water only.  The pH of the wash liquor and the rinse liquor for both 
detergents was recorded. 
 
The machine speed was set at 12 rpm and the samples washed in the detergent solution for 
10 minutes @ 45°C at a liquor ratio of 20:1.  The final pH of the wash liquor was taken at 
the completion of the wash cycle as the liquor was draining. 
 
A spray rinse equivalent to the volume of water used for the washing was then carried out. 
The fabrics were then given a single cold rinse for 10 minutes at a liquor ratio of 20:1 and 
temperature of 27°C.  At the completion of the rinse cycle the pH of the rinse water was 
recorded.  As no spin dry cycle was available water was removed to a moisture content of 
83% using squeeze rollers. 
 
2.7.8 Wash Procedure for the Front Loading Machine 
A set of the nine (9) dyed samples were washed with detergent for front loading machines.  
The machine speed was set at 12 rpm. and the samples washed in the detergent solution for 
10 minutes @ 45°C at the liquor ratio of 10:1.  The pH of the wash liquor was taken as the 
liquor was draining. 
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The Hoover Zodiac machine has a series of five (5) rinses each rinse cycle operates for 5 
minutes before draining and refilling.   Accordingly the dyed samples were given five (5), 
five (5) minute rinses at a liquor ratio of 10:1. At the end of each rinse cycle the pH of the 
rinse liquor was recorded.  Only one spin dry cycle operates on the Hoover Zodiac 
Machine; at the end of the final rinse.  None of the samples were given a spin dry. 
 
2.8 Drying and Exposure of Samples 
After washing and prior to exposure all samples were brought to a constant moisture 
content by squeezing through a pair of squeeze rollers (laboratory padding mangle).  The 
moisture content of the fabrics prior to drying was 83%.  This process removes the 
unbound water i.e. water that is trapped between the fibre bundles in the yarns.  Bound 
water is that moisture chemically bound to the fibre through hydrogen bonding between 
the molecular chains.  Under domestic conditions the unbound water is normally removed 
during the centrifuging cycle in both the top loading and front loading machines.  Bound 
water can only be removed by the application of an external force that will induce 
evaporation from the fabric surface.  Typically heat and or air circulation or a combination 
of both will induce evaporation to take place. 
 
 
Figure 2.7. Fabric samples under exposure.   
 
The samples of wet fabric were arranged around the circumference of the cylinder see 
Figure 2.7.  The top and bottom of the fabric samples were covered so that only the 
marked area of the fabric was exposed to the light.  The covered areas of the dyed fabrics 
were used to assess loss of colour strength when the fabric was washed and not exposed to 
light. 
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The exposed area lay between 80mm from the top and 80mm from the bottom.  In this way 
the sample areas under assessment were exposed only to the phosphor coated area of the 
lamp.  It was important that exposure did not take place outside the phosphor coated area.  
The lamp was turned on and the samples exposed for two (2) hours.  After the initial warm 
up period of 6 minutes the temperature of the exposure was measured using a black panel 
thermometer; the temperature reading was 73°C ± 2.0°C.  The samples were then washed 
again and exposed for a further two (2) hours.  This procedure was repeated until the 
samples had been washed and exposed five times or the equivalent of ten (10) hours 
exposure.  During exposure the samples dried.  This simulates the drying of washed 
articles on an outside line.   
 
2.9  Evaluation of Exposed Samples 
After exposure the colour strength of the samples were measured using the HunterLab, 
ColorQUEST II Spectrophotometer.  K/S values and the relative strengths between the 
exposed and unexposed areas were calculated using Premier Colorscan Software.  
Measurements were made under the following conditions 10° observer, maximum 
wavelength 600nm and D65 light source.  D65 is the international standard viewing light 
source and is equivalent to noon northern daylight. 
 
2.9.1 K/S Values [41]
   
 
The mathematical basis for all colour measuring software is the Kubleka-Munk series of 
equations.  These equations state that for opaque materials such as textile fabrics, the ratio 
of total light absorbed and scattered by a mixture of dyes is equal to the sum of the ratios 
of light absorbed and scattered by the dyes measured separately.  If absorption is defined 
as “K” and scattering defined as “S”, Kubelka-Munk states that: 
 
K/S mixture = (K/S) dye 1 + (K/S) dye 2 + (K/S) dye 3 + ……….. 
 
K/S is not an easily measured quantity, but can be calculated from the reflectance data of a 
sample –“A”—by the Kubelka –Munk equation that states: 
 
K/S = (1 – R) 
            2R 
Where R = Reflectance 
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As an example, if a sample has a reflectance of 20% at a wavelength of 500nm, then the 
K/S can be calculated as: 
K/S = (1- 0.2)    = 1.6 
                                                                     2(0.2) 
 
K/S calculations can be used to evaluate the build up of a particular dye.  They can also be 
used to evaluate the change in strength of a dyeing which has been subjected to a particular 
set of processing conditions.  This is because there is a direct relationship between K/S and 
dye concentration.  Significant differences in reflectance can occur at high dye 
concentrations particularly when dark shades such as blacks and navies are involved.  This 
results in deviations from the linearity of the Kubleka-Munk function mainly due to 
surface reflection characteristics resulting in lower reflectances.  
 
The washing process and exposure process was repeated a further five (5) times to equate 
to a total of 20 hours exposure, when measurement was again carried out.  A total of 15 
washings gave a total of 30 hours wet exposure. 
 
The fabrics were assessed for loss in colour depth and colour change after 5, 10 and 15 
washes, which equates to 10, 20 and 30 hours exposure. 
 
A control series of fabrics were exposed dry and measured after 10, 20 & 30 hours 
exposure to determine the relative effect of dry exposure compared to wet exposure. 
 
2.9.2  Delta-E  ∆E- Colour Difference [42]
 
Delta-E is a measure that represents the distance between two colours in a defined colour 
space.  Delta-E is calculated by the equation: 
     
   ∆E  = √(∆L)
2
 + (∆a)
2
 +(∆b)
2
 
 
 Where ∆L = lightness,  
  ∆a = red - green character of a colour , positive values of red shades and negative  
          values for green shades &  
∆b = yellow – blue character of a colour, positive values for yellow shade and  
        negative values for blue shades. 
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A ∆E of 1.0 represents the smallest colour  difference the human eye can see.  Any ∆E less 
than 1.0 would not be noticeable, but a ∆E greater than 1.0 is usually noticeable.  However 
in certain circumstances a ∆E greater than 1.0 may not be noticeable, for example, two 
yellows of the same hue may have a ∆E greater than 1.0 but may not be noticeable.  This is 
because of the saturation of the yellow colour.  Green yellows have low saturation and  as 
a self shade it is difficult to see a 10% difference in colour.  The colour difference can be 
seen easily if the yellow is mixed with a blue to give a green.  If the colour difference 
between the two yellows is substantially different in hue then they become noticeable.  
 
Colours that fade off-tone are more easily distinguished than those that fade in-tone.  If 
fading results in a colour change it is very noticeable.  By comparison, if the fade is the 
same hue but simply changes in depth it is more difficult to recognise. 
 
2.10  Residual Alkali in Washed Samples.. 
Residual alkali present in fabric after washing was measured from the pH of hot and cold 
aqueous extracts.  The extracts were carried out according to test method AS 2001.3.1 – 
1998, Chemical tests - Determination of pH of aqueous extract. 
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Chapter 3. 
Results and Discussion 
  
50
3.1. Introduction 
The experimental data was represented in tables and graphs.  These were then analysed to 
determine how domestic laundering conditions affect the light fading of navy blue and 
black reactive dyes on cotton fabrics.  The affect of different detergents on dye desorption 
and consequent colour change during washing was assessed.  Colour change on exposure 
to light due to the detergent used and/or retained alkali in the fabric was evaluated.  The 
influence of oxidative detergent additives such as sodium perborate on dye desorption and 
the wet fading were considered. 
 
3.2. Thin Layer Chromatography (TLC) Analysis 
Some dyes used in this investigation were not listed in the Colour Index.  Therefore Thin 
Layer Chromatography (TLC) was carried out to determine if any of the dyes used were 
mixtures.  
Cibacron Dk.Blue W-R        C.I.Reactive Blue222       C.I.Reactive Blue 222             Reactive Black    C.I.Reactive Black 5 
             Intracron Dk. Blue CDX      Sumifix S. Navy 3GF 150%    Cibacron  S.Black R             
 
Figure 3.1. TLC plate 
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The TLC plates Figures 3.1 and 3.2 show the partition of the components of each of the dyes 
used.  C.I.Reactive Black 5 was selected as the standard for TLC comparison because it is 
the largest single selling reactive dye [4]. 
 
Two commercial dyes both cited as C.I.Reactive Blue 222 as shown Figure 3.1 were used 
in the experiments.  One of the C.I.Reactive Blue 222 dyes, Intracron Dark Blue CDX, 
appears to have been shaded with a red component by the manufacturer in order to give a 
redder tone to the dye.  However there is also the possibility that this pink component 
could be an isomer or partially reacted intermediate.  
  
The TLC of the other C.I.Reactive Blue 222, Sumifix Supra Navy Blue 3GF 150%, 
showed a slightly stronger partition compared to the Intracron Dark Blue CDX.  This may 
suggest the presence of a different isomer.    
 
     C.I.Reactive Black 5     C.I.Reactive Blue 264   C.I Reactive Blue 225       C.I.Reactive Blue 250                                   
                                                Cibacron Navy LS-G    Levafix Navy B. E-BNA     Remazol Navy RGB       Levafix Navy C-A 
 
Figure 3.2. TLC plate 
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Cibacron Super (S) Black R, Figure 3.1 is similar to C.I.Reactive Black 5 but shaded with 
red and yellow dyes.  Depending on the conditions of manufacture particularly at the 
coupling stage C.I.Reactive Black 5 can vary in tone from reddish to bluish [4].  It is for 
this reason manufacturers add toning dyes to produce a product of “standard” colour. 
 
Cibacron Dark Blue W-R (Figure 3.1) is a mixture that has a similar partition to 
C.I.Reactive Black 5 but contains another blue dye. When compared with the TLC of 
Remazol Navy RGB 150% (Figure 3.2) the blue component could be similar to that of C.I. 
Reactive Blue 250.    
 
Levafix Navy C-A (Figure 3.2) is a mixture and appears to be based on the same 
components as C.I.Reactive Blue 225, Levafix Navy Blue E-BNA.  There may also be a 
small amount of C.I. Reactive  Black 5 present in the mixture to give added tinctorial  
strength.   Material Safety Data Sheets (MSDS) were obtained from the manufacturers and 
copies are included in Appendix II.  In some cases the MSDS information includes 
reference to C.I. Reactive Black 5.   
 
The chromatographic analysis showed none of the dyes in the study were pure chemical 
entities.  Even those considered identical by their Colour Index classification contained 
other components and isomers.  Therefore each of the commercial dyes may well have 
different wash fastness and light fading behaviour.  As a result this must be expected to 
lead to depth and tonal changes after washing and light exposure. 
 
3.3  Relative Strength of Dyes Used 
Table 3.1 shows that all the navy dyes used were within 13% strength of each other.  
Levafix Navy C-A was the weakest dye used.  Cibacron Dark Blue W-R and Remazol 
Navy RGB 150% were the strongest.  Intracron Dark Blue CDX and Sumifix Supra Navy 
3GF150% had the same colour strength even though a lower amount of Intracron Dark 
Blue CDX was applied to the fabric. 
 
Levafix Navy Blue E-BNA was slightly stronger than Cibacron Navy LS-G.  As light 
fading is a function of colour strength, the relative strength of individual dyes provides a 
parameter for determining their performance. 
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Table 3.1.  Relative strengths of navy blue reactive dyes. 
 
Dyestuff Percentage  applied to 
Fabric 
Percentage 
Strength * 
Cibacron Navy LS-G 4.0 100 
Cibacron Dark Blue W-R 3.6 87 
Levafix Navy C-A 4.0 103 
Levafix Navy Blue E-BNA 4.0 98 
Remazol Navy RGB 150% 3.0 87 
Intracron Dark Blue CDX 3.6 90 
Sumifix Supra Navy 3GF 150% 4.0 90 
*The lower the figure the greater the strength. 
 
3.4  Dry Fading. 
To provide a base standard for the impact of wet fading and washing all the dyed fabrics 
were subjected to fading in the dry form without laundering (Australian standard AS. 
2001.4.21-2006).  The loss in colour strength of the dyed fabric was measured after 10, 20 
and 30 hours respectively. 
 
 
Figure 3.3. Comparative dry exposures of all dyes 
 
From Figure 3.3 it can be seen that all dyes had the greatest loss of colour during the first 
10 hours of exposure.  Colour loss slowed between 10 and 30 hours exposure.  A possible 
  
54
reason for this non linear behaviour could be that larger dye aggregates present on the 
fabric surface are more easily attacked by the light causing extra fading in the first 10 
hours of exposure. 
 
Significant differences in light fading are evident between the notionally identical Sumifix 
Supra Navy 3GF150% and Intracron Dark Blue CDX (both listed as C.I. Reactive Blue 
222).  The different fading behaviour of these two dyes is clearly due to the different 
colour entities making up the two commercial dyes.  None of the other dyes used in the 
study were chemically identical though there may be some chemical similarity.  
Differences in their behaviour to both wet and dry light exposure must be expected. 
 
Table 3.2. Percentage colour loss on dry exposure.  
 
Number Hours 
Exposure 
 
10 hours 
 
20 hours 
 
30 hours 
 
5.0% Cibacron Super Black R 
 
 
13.8 
 
14.5 
 
16.8 
 
3.6% Cibacron Dark Blue W-R 
 
 
11.3 
 
9.5 
 
9.8 
 
4.0% Cibacron Navy LS-G 
 
 
8.0 
 
11.1 
 
15.5 
 
4.0% Levafix Navy C-A 
 
 
10.8 
 
14.0 
 
14.9 
 
4.0% Levafix Navy Blue E-BNA 
 
 
16.3 
 
17.7 
 
20.6 
 
3.6% Intracron Dark Blue CDX 
 
 
9.0 
 
10.4 
 
12.6 
 
 
4.0% Sumifix Supra Navy 3GF 
150% 
 
 
9.7 
 
13.6 
 
16.1 
 
3.0% Remazol Navy RGB 150% 
 
 
14.0 
 
16.8 
 
20.2 
 
1.5% Remazol Navy RGB 150% 
 
 
14.4 
 
19.3 
 
20.3 
 
Cibacron Dark Blue W-R showed a slight increase in depth, approximately 4.0%, after the 
initial 10 hours exposure.  This could be explained by a tonal change occurring during the 
initial fade that shows as an apparent darkening of colour.  This tonal change may be due 
to the degree of aggregation [43] of the dye molecules within the micro fibre structure.   
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Instrumental  measurements showed that the DL value (the value of lightness) of the shade 
was darker and its chroma was duller and greener. 
                                                                
When measuring dark shades, particularly deep navies and blacks there is a high degree of 
absorbance and low levels of reflected light.  This can result in a greater degree of 
experimental error [44].
 
   
 
The maximum loss in colour strength (Figure 3.3. and Table 3.2) of all dyes after 30 hours 
exposure was 20% for Levafix Navy Blue E-BNA and both Remazol Navy RGB 150% 
dyeings (1.5% and 3.0%).  Cibacron Dark Blue W-R had the least loss in colour strength 
of slightly less than 10%.  Cibacron Navy LS-G, Intracron Dark Blue CDX and Sumifix 
Supra Navy 3GF150% all showed similar light stability after 10 and 20 hours exposure, 
but after 30 hours exposure Intracron Dark Blue CDX showed better light stability.  The 
blue scale of light fastness after exposing the standard blue scales to 30 hours continual 
exposure, produced a grey scale change of shade rating of 3-4.   
 
The loss of colour strength between all dyes appeared to be consistent when exposed under 
dry conditions, with the exception of Cibacron Dark Blue W-R which appeared to increase 
in strength after 10 hours exposure. 
 
Light fading can be directly related to the applied colour strength of a dye.  In industry it 
has been the practice of some dyers to use navy blue dyes as the blue component in three 
colour combinations believing it to be more economical due to the higher colour strength 
of the navy blue dye.  In fact such a situation could prove dangerous as the final shade will 
fade off-tone in a very short space of time.  From Figure 3.4 and Table 3.2 it can be 
deduced that if Levafix Navy Blue E-BNA or Remazol Navy RGB 150% was used as the 
blue component in a three colour mixture then a major shade change would occur after 
only 10 hours of exposure.    
 
Comparison of  Intracron Dark Blue CDX with Sumifix Supra Navy 3GF150% shows that 
during the first 10 hours the rate of fading is similar with both dyes.  Between 10 and 30 
hours exposure, however Sumifix Supra Navy 3GF150% exhibits a greater degree of 
fading.  Under normal circumstances it would be expected that dyes of same Colour Index 
number would fade in a similar manner.  In this case Sumifix Supra Navy 3GF150% has 
lost approximately 27% more colour strength than Intracron Dark Blue CDX.  Such a 
result would indicate that even though the two dyes are listed under the same C.I. number, 
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there are substantial chemical differences between them.  Therefore from the TLC analysis 
the differences are possibly due to either the shading colours, the different isomers of 
reaction or a combination of both.  This would account for Intracron Dark Blue CDX 
having better stability to light fading under dry conditions. 
 
Dry fading of Cibacron Dark Blue W-R shows an apparent increase in depth after the 
initial 10 hour of fading.  This apparent increase in depth is possibly due to a shade change 
causing the colour to appear darker after the initial exposure.  Remazol Navy RGB150% at 
a similar depth does not show this apparent increase in depth.   
  
Comparing Levafix Navy Blue E-BNA against Levafix Navy C-A the dry fading of the 
two dyes is significantly different.  The Levafix Navy C-A has better overall light fastness 
after 30 hours exposure relative to Levafix Navy Blue E-BNA.  TLC analysis showed that 
there are some chemical similarities between the two dyes, the increased resistance to light 
fading of the Levafix Navy C-A  could be due to surface aggregation of the dye. 
 
3.5  Commercial Detergent Comparison 
Buffer capacity is an important requirement in commercial detergents to ensure any acid or 
alkaline soil on articles to be washed does not reduce detergent efficiency.  Buffer curves 
at 1g/litre of each of the commercial top loading and front loading detergents were 
determined by titration against 0.05M sulphuric acid.  The curves, Figure 3.4 showed  
good buffering capacity between pH 9.8 and pH11.3 and between pH5.3 and pH 7.0. (The 
steepness of the curve between pH7.0 and pH9.8 and between pH 3.0 and pH 5.3 indicates 
a fall off in the capacity of the detergent to buffer the washing system.) 
 
The pH of each of the detergents at 1.0g/l dissolved in de-ionized water was 11.3.  On the 
basis of this result the total alkali as sodium carbonate (Na2CO3) was determined as: 
 
   Top Loading Detergent…………….21.7%  
   Front Loading Detergent …………..20.0% 
 
That is, 1.0g of the top loading detergent powder contains 0.217g sodium carbonate alkali 
equivalent and  1.0g detergent powder contained 0.20g sodium carbonate equivalent alkali 
for the front loading detergent.  The measuring cup supplied with the domestic powders 
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Figure 3.4.  Buffer curves of commercial laundry detergents 
 
contained 60.0g; corresponding to 13.02g and 12.0g of sodium carbonate alkali equivalent 
for the top load and front load detergent respectively.  High alkali in the wash could have 
an effect on the ultimate performance of dyes particularly in respect to front loading 
machines.   
 
3.6.  Influence of Washing Conditions  
Cleaning and washing performance is as much dependent on mechanical action as the type 
and concentration of the detergent being used.  The pH of the liquor was measured at each 
phase of the machine cycle.  Normally there are different formulations for top load and 
front load washing machines.  Front loading machines require a detergent that does not 
foam excessively.  Sodium perborate is often added to improve the cleaning action at the 
lower liquor volume in front loading machines.  Consistent pH results were obtained over 
a number of experiments of the wash and rinse steps in the front loading machine as shown 
in Figure 3.5.  
 
Even though the pH of 1.0g/litre of the detergent was 11.3 the actual pH at the end of the 
first wash was 9.8.  Five (5) rinse cycles were used that corresponded with the regular 
wash cycle program on the Hoover Zodiac 12 washing machine.  The pH of the final rinse 
was found to be consistently 7.4 – 7.5.  This indicates that the majority of the alkaline 
material was removed from the water and probably from the fabric.   
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Figure 3.5. pH changes in wash cycle -front loading machine 
 
 
The results obtained with the top loading machine were different as far as the pH of the 
rinse step compared to the front loading machine.  One rinse cycle with an intermediate 
spray rinse between the wash and rinse cycles was used to correspond with the regular 
wash cycle of the Maytag washing machine.  The pH of the wash liquor was found to be 
9.8 – 9.9, (same as the front loading machine) Figure 3.6.  Over a number of trials the rinse 
liquor pH was consistent at 8.6 – 8.7.  This is similar to that obtained after the second rinse 
on the front loading cycle Figure 3.5. 
 
Because of the high rinse liquor pH’s in the top loading machine compared to the front 
loading machine aqueous pH extracts of the fabric from the top loading wash were 
measured after 15 wash cycles. 
 
The following results were obtained:  
• cold aqueous extract   pH 7.7 
• hot aqueous extracts   pH 7.6 
 
These figures show that there are only small levels of residual alkali remaining in the 
fabric.  However this level of residual alkali could affect the degree of light fading. 
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Figure 3.6. pH changes in wash cycle – top loading machine 
 
As the pH of the final rinse in the front loading machine was 7.5 being close to neutral it 
was not considered necessary to carry out aqueous pH extracts. 
 
3.7 Evaluation of Wet Fastness Properties 
After dyeing and before washing all the dyed samples were tested for Colour Fastness to 
Water according to AS 2001.4.EO1-2001 and Colour Fastness to Washing AS 
2001.4.15.2006 Test 3 Moderate.  The results of staining and colour change against the 
“Geometric Grey Scales” are tabulated in Tables 3.3 and 3.4. 
 
Table 3.3.  Colour fastness to washing. 
 
Staining  
Dyestuff 
Colour 
Change Nylon 6:6 Cotton 
3.6% Cibacron Dark Blue W-R 4 3-4 4 
4.0% Cibacron Navy LS-G 4-5 4-5 3 
3.0% Remazol Navy RGB 150% 4G 4-5 4-5 
3.6% Intracron Dark Blue CDX 4G 4-5 4-5 
4.0% Sumifix Supra Navy 3GF150% 4R 4-5 4 
1.5% Remazol Navy RGB 150% 4 4 4-5 
5.0% Cibacron Super Black R 4-5 4-5 4 
4.0% Levafix Navy  Blue E-BNA 4 4-5 4-5 
4.0% Levafix Navy C-A 4-5 4-5 4-5 
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In the colour change column the letters “G” and “R” have been used to indicate that the 
original fabric sample has undergone a tonal shift, i.e. “G” Greener, “R” Redder. 
 
Fastness to Water test (Table 3.4) showed no significant shade change of the original dyed 
fabric.  The fastness to washing is a more severe test and it would be expected to show 
significant differences between the dyes if hydrolysed dye were present.   
 
The results show that with the exception of Cibacron Navy LS-G all the dyes had good 
fastness to both water and washing and that there was only a minimum of hydrolysed dye 
present on the fabric.   
   
Table 3.4.  Colour fastness to water.  
 
Staining Multi-Fibre Dyestuff Colour 
Change Wool Acrylic Polyester Nylon 6:6 Cotton Acetate 
3.6%Cibacron 
Dark Blue W-
R 
 
4-5 
 
4-5 
 
5 
 
4-5 
 
4 
 
4 
 
5 
4.0%Cibacron 
Navy LS-G  
 
4-5 
 
 
4-5 
 
4-5 
 
4-5 
 
3-4 
 
2-3 
 
4-5 
3.0% Remazol 
Navy RGB 
150% 
 
4-5 
 
4 
 
4-5 
 
4 
 
3-4 
 
3-4 
 
4-5 
3.6%Intracron 
Dark Blue 
CDX 
 
4-5 
 
4 
 
4 
 
4 
 
4 
 
4 
 
4-5 
4.0%Sumifix 
Supra Navy 
3GF 150% 
 
4 
 
4-5 
 
4-5 
 
4-5 
 
3-4 
 
3-4 
 
4-5 
1.5% Remazol 
Navy RGB 
150% 
 
4-5 
 
 
4 
 
4 
 
4 
 
4 
 
4 
 
4-5 
5.0%Cibacron 
Super Black R 
 
4 
 
 
4-5 
 
5 
 
5 
 
4-5 
 
4-5 
 
5 
4.0% Levafix 
Navy Blue E-
BNA 
 
4 
 
 
4 
 
4 
 
4 
 
3-4 
 
3-4 
 
4-5 
4.0% Levafix 
Navy C-A 
 
4-5 
 
 
4-5 
 
4-5 
 
4-5 
 
4-5 
 
4 
 
5 
 
3.8 Colour Change  
During domestic washing of navy and black coloured garments colour can move from the 
fabric into the washing water.  Loss of colour results in a colour change of the fabric.   
Colour change can be either tonal i.e. on-tone or the colour may change in hue i.e. off-
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tone.  Percentage colour loss only shows changes in colour strength.  Colour difference 
Delta E, (∆E) measurements take into consideration both change in colour and any 
changes in hue that occur. 
 
Fading of navy blue and black reactive dyed cotton fabrics is usually accompanied by 
changes in the colour, these changes can be: 
• loss in colour strength; 
• change in hue resulting in a different colour; 
• apparent increase in colour strength due to dulling of the colour. 
 
Fading often results in several changes to colour taking place at the same time, for 
example loss in colour strength accompanied by a change in hue.  These changes can be 
measured using a reflectance spectrophotometer together with suitable colour software to 
produce data that can illustrate the changes that have occurred. 
The data can be represented as: 
1. colour strength expressed as percentage against a known standard; 
2. colour difference or Delta E (∆E) value; 
3. total colour value against a known standard expressed as K/S value. 
These mathematical representations are useful but they do not provide a visual 
representation of changes in colour.  For this reason mathematical measurements of 
changes in colour have been supported with photographs to illustrate the colour changes. 
 
3.8.1  Colour Loss According to Washing System Not Exposed to Light. 
Tables 3.5 to 3.8 show the percentage colour loss for all dyes not exposed to light, after 5, 
10 and 15 wash cycles with the three detergent types.  Clearly the detergent has a 
significant influence on desorption (colour loss) of dye from the fabric.   
 
Table 3.5 showed front loading washing removed significantly more dye from the fibres 
than the top loading washings.  However, the detergents used in the two top loading 
washings are different.  In turn this suggests that the detergent in the neutral formulation is 
more effective in removing colour even in the absence of alkali.  This observation also 
highlights the variations in colour loss that can occur as powders, pre-soaking agents and 
machine types are changed.  Interestingly the neutral detergent formulation had a more 
severe effect on Cibacron Black R and Cibacron Navy LS-G than the commercial top 
loading detergent. 
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Table 3.5.   Percentage colour loss not exposed to light 
 
Detergent 
Type 
Cibacron  Super Black 
R 
Cibacron Dark Blue W-
R 
Cibacron Navy LS-G 
 5 
Wash 
Cycles 
10 
Wash 
Cycles 
15 
Wash 
Cycles 
5 
Wash 
Cycles 
10 
Wash 
Cycles 
15 
Wash 
Cycles 
5 
Wash 
Cycles 
10 
Wash 
Cycle 
15 
Wash 
Cycles 
Neutral 
Detergent 
Top 
Loading 
 
12.4 
 
16.5 
 
20.9 
 
2.7 
 
12.2 
 
20.1 
 
13.7 
 
22.9 
 
32.8 
Commercial 
Detergent 
Top 
Loading 
 
9.0 
 
9.1 
 
16.1 
 
7.9 
 
11.2 
 
21.0 
 
13.2 
 
13.8 
 
21.9 
Commercial 
Detergent 
Front 
Loading 
 
13.8 
 
28.8 
 
37.5 
 
15.6 
 
24.5 
 
38.4 
 
19.6 
 
31.1 
 
43.2 
 
 
 
 
 
Conventional thinking would suggest that the colour loss should be higher where the pH is 
higher.  Colour loss resulting from the neutral detergent and top loading detergent 
followed a similar pattern over the 15 wash cycles with all other dyes except Sumifix 
Supra Navy 3GF 150%.  After 5 wash cycles top loading washing showed a colour loss of 
3.9% to 8.9% greater than the neutral detergent.  After 15 wash cycles a different pattern 
emerges, colour loss for the neutral detergent exceeds that of the top loading detergent by 
between 1.1% to 5.9%.  The greater colour loss during the first five wash cycles for the top 
loading detergent could be due to the alkali content resulting in alkaline hydrolysis of the 
dye – fibre bond [5].   Colour lost from the fabric during the first two or three wash cycles 
may have been due to the removal of residual hydrolysed dye remaining in the fabric after 
the dyeing process.   
 
The more severe affect of the neutral detergent in subsequent wash cycles may well be due 
to the chemistry of the principle detergent component, sodium dodecyl benzene 
sulphonate.  Other additions to the neutral formulation were 3.0% nonyl phenol 10 mol 
ETO ethoxylate  and 3.5% pure soap.  No alkali or buffer salts, were present in the neutral  
detergent and wash cycle pH was consistently 6.9-7.2.  The sodium dodecyl benzene 
sulphonate may be having an effect on the covalently bonded dyestuff, causing the dye to 
be released from the fibre.  This could explain why many reactive dyes on cotton loose 
colour during domestic washing.  Detergents promote fibre swelling and allow greater 
penetration of washing liquor into the micro structure of the fibre which can result in 
increased dye desorption.  
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Results in Table 3.6 show Levafix Navy C-A has a lower colour loss after 15 wash cycles 
than Levafix Navy Blue E-BNA..  This is probably due to an anomalous reflectance 
reading showing a hue change, resulting in slight darkening of the colour.   
 
Table 3.6 Percentage colour loss not exposed to light 
 
Detergent 
Type 
Levafix Navy C-A Levafix Navy Blue E-BNA 
 5  
Wash 
Cycles 
10 
Wash 
Cycles 
15 
Wash 
Cycles 
5  
Wash 
Cycles 
10 
Wash 
Cycles 
15 
Wash 
Cycles 
Neutral 
Detergent 
Top Loading 
 
3.8 
 
13.8 
 
15.0 
 
7.6 
 
13.7 
 
20.8 
Commercial 
Detergent 
Top Loading 
 
9.4 
 
9.0 
 
7.3 
 
13.4 
 
14.9 
 
15.1 
Commercial 
Detergent 
  Front Load 
 
 
7.2 
 
21.2 
 
25.3 
 
15.1 
 
27.8 
 
37.8 
 
 
Levafix Navy C-A also illustrates abnormalities with regard to commercial top loading 
detergent.  The colour loss was greatest after 5 wash cycles, the dye then appeared to 
increase in colour strength marginally after 10 washes with greater gain in colour after 15 
wash cycles.  K/S values Figure 3.7 after 5, 10 and 15 wash cycles showed the effect on 
colour indicating an increase in depth.   This abnormality is most probably due to a change 
in hue. 
 
   
Figure 3.7 K/S values for Levafix Navy C-A after washing 
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Table 3.7 showed Sumifix Supra Navy 3GF 150% had a high colour loss of approximately 
18.5% for all three detergents after 5 wash cycles.  The colour loss resulting from top 
loading detergent and neutral detergent was effectively the same after 10 and 15 washes  
(21.4% and 22.0% respectively).  The front loading wash system caused higher colour 
loss;  24.0% after 10 wash cycles and 29.9% following 15 wash cycles.   
 
Table 3.7  Percentage colour loss not exposed to light 
 
Detergent 
Type 
Intracron Dark Blue CDX Sumifix Supra Navy 
3GF150% 
 5 
Wash 
Cycles 
10  
Wash 
Cycles 
15 
Wash 
Cycles 
5 
Wash 
Cycles 
10 
Wash 
Cycles 
15  
Wash 
Cycles 
Neutral 
Detergent 
Top Loading 
 
8.0 
 
13.4 
 
17.2 
 
18.5 
 
21.4 
 
22.0 
Commercial 
Detergent 
Top Loading 
 
13.8 
 
14.3 
 
14.8 
 
18.5 
 
21.4 
 
22.0 
  Commercial 
Detergent 
Front Load 
 
 
10.5 
 
21.6 
 
21.6 
 
18.6 
 
24.0 
 
29.9 
 
Intracron Dark Blue CDX consistently showed better fastness properties compared to 
Sumifix Supra Navy 3GF150%.  This further confirms that the chemistry of the two dyes 
is not identical (refer Figure 3.1. TLC Analysis).  The neutral detergent formulation has a 
more severe effect on the Sumifix Supra Navy 3GF150% than on the Intracron Dark Blue 
CDX were there was no measurable difference in colour loss between the neutral detergent 
and commercial formulation when washing in the top loading machine.   
 
Table 3.8  Percentage colour loss not exposed to light 
 
Detergent Type 3.0% Remazol Navy RGB 
150% 
1.5% Remazol Navy RGB 
150% 
 5 
Wash 
Cycles 
10  
Wash 
Cycles 
15 
Wash 
Cycles 
5 
Wash 
Cycles 
10  
Wash 
Cycles 
15  
Wash 
Cycles 
Neutral 
Detergent 
Top Loading 
 
6.8 
 
20.1 
 
23.9 
 
10.7 
 
20.9 
 
 
27.5 
Commercial 
Detergent 
Top Loading 
 
15.7 
 
21.2 
 
22.8 
 
14.6 
 
18.7 
 
 
21.6 
Commercial 
Detergent 
Front Load 
 
 
22.8 
 
34.4 
 
41.3 
 
21.5 
 
37.4 
 
47.9 
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In the case of Remazol Navy RGB 150% (Table 3.8), both dyeings show similar 
performance to the three detergent systems.   Front loading washing caused very high 
colour loss at all stages of washing. 
 
The above results show that the most severe colour loss was obtained with the front 
loading machine.  The average colour loss for all dyes after 15 wash cycles was 34.5% for 
front load wash, verses 21.2% for the neutral wash and 17.5% for the top load commercial 
detergent.  1.5% Remazol Navy RGB150% showed the greatest colour loss of 47.9% after 
15 wash cycles.   
 
The following factors could each have contributed to the more severe colour loss caused 
by the front loading detergent: 
• presence of sodium perborate; 
• higher detergent concentration; 
• lower liquor to fabric ratio; 
• more severe mechanical action. 
Again this illustrates the complexity of the home laundering process and its effect on the 
fastness of any given dye.  Sodium perborate present in detergents results in the formation 
of active oxygen in the form of the peroxy ion 
 
NaBO3.4H2O  →  Na
+
  +   BO2  +   OH

 +  O
2  
 
The presence of the active alkaline peroxy ion can result in hydrolysis of the dye-fibre 
bond under the alkaline conditions of the detergent. This is more likely to occur with those 
dyes based on a vinyl sulphone reactive group [5]. 
 
The higher concentration of detergent recommended by the manufacturer is a probable 
cause of increased colour loss.  Detergent concentration for the front loading machine was 
2.4 times that recommended for a top loading machine.  The volume of liquor compared to 
fabric is lower in the front loading machine.  This lower volume of liquor relative to fabric 
results in more severe mechanical action which could also increase colour loss. 
 
As a base for the colour loss with the neutral detergent formulation a series of dyeings 
were washed in water only at 45°C.  Table 3.9 shows that both the neutral detergent and 
water had an effect on dyestuff desorption from the fibre.  In all cases the presence of 
detergent increased the dye desorption after 15 washes. 
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Table 3.9.  Percentage colour loss water vs. neutral detergent not exposed to light 
 
 Water 
Only      
Neutral 
Detergent 
 
Number of Wash Cycles 
Top Load Machine 
 
 
15 
 
15 
 
Cibacron Super Black R 
 
 
17.6 
 
20.9 
 
Cibacron Navy LS-G 
 
 
22.6 
 
32.8 
 
Levafix Navy Blue E-BNA 
 
 
10.1 
 
20.8 
 
Sumifix Supra Navy 3GF 150% 
 
 
21.0 
 
22.0 
 
3.0% Remazol Navy RGB 150% 
 
 
17.3 
 
23.9 
 
1.5% Remazol Navy RGB 150% 
 
 
23.4 
 
27.5 
 
 
The possible causes for dye desorption by both neutral detergent formulation and water 
only are most likely to be; 
• presence of hydrolysed dye not removed from the fibre; 
• destabilization of the bond between the dye and the fibre by the warm  
water; 
• mechanical action of washing cycle. 
 
Hydrolysed dye is difficult to remove from the fibre particularly at low liquor ratios.  
Electrolyte present in the dyebath during the soaping stage inhibits the removal of 
hydrolysed dyes, due to the positive ionic charge induced on the fibre surface by the 
electrolyte.  Every precaution was taken to ensure that the presence of hydrolysed dye was 
at a minimum by soaping at the boil. 
 
Mechanical action during the washing system will facilitate the removal of both 
hydrolysed dye if present and dye that has been released due to the destabilisation of the 
dye-fibre bond. 
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It is unlikely that the bond between the dye and the fibre would be destabilized by warm 
water alone, unless there was some other factor involved.  The only other possible cause 
could be the heat from the lamp affecting the unexposed portions of the fabric.  Rattee and 
So [45] found that heating during drying had a major effect on the hydrolysis of the dye-
fibre bond.  The presence of dissolved oxygen in the fibre in conjunction with heat could 
result in dye – fibre bond hydrolysis.  Unexposed portions of the fabric were covered with 
cardboard to protect the fabric from light exposure (refer Figure 2.7).  Some heat would 
have been transferred to the covered samples from the lamp.  De-stabilisation of the dye-
fibre bond may occur due to the presence of the neutral detergent as previously indicated.  
The reasons for this are not clear but may be caused by the presence of residual detergent 
in the fibre coupled with the heat from the lamp creating a suitable environment for 
hydrolysis of the dye-fibre bond to occur.  [Refer to Figure 2.7 showing how the 
unexposed fabric is protected from the light source but subject to heat from the lamp.] 
 
3.8.2 Colour Difference According to Washing System Not Exposed to Light 
Loss of colour due to dye desorption is only a part of the problem encountered during 
domestic washing.  There can also be a colour change or colour difference accompanying 
the loss in colour strength.  This colour difference is measured as the ∆E (Delta E) value 
and ∆E >1.0 is usually detectable by an average observer.  Table 3.10 shows the colour 
difference obtained on the washed unexposed samples of fabric after a total of 15 wash 
cycles.  
 
Cibacron Super Black R, Cibacron Navy LS-G and 1.5% Remazol Navy RGB 150% 
showed greater colour difference with water only and neutral detergent than with top 
loading detergent.  With all dyed samples other than Sumifix Supra Navy 3GF 150% the 
front loading detergent resulted in almost double the colour difference compared with the 
top loading detergent.   The concentration in g/l of detergent in the front loading machine 
was 2.4 times greater than in the top loading machine.  
 
This may well have contributed to the higher colour difference. Sodium perborate present 
in the front loading detergent will also have had an influence on the colour difference.  The 
manufacturers recommended quantity for the front loading machine is 1 scoop for normal 
wash and 1.5 scoops for heavily soiled garments.    
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Table 3.10  Colour difference ∆E not exposed to light 
 
 Water 
only 
Neutral 
Detergent 
Top 
Loading 
Detergent 
Front 
Loading 
Detergent 
Number of 
Wash Cycles 
 
15 
 
15 
 
15 
 
15 
Cibacron 
Super Black R 
3.6 4.1 
 
3.0 6.5 
Cibacron Navy 
LS-G 
2.7 3.6 2.6 5.3 
Levafix Navy 
Blue E-BNA 
1.2 1.7 2.3 4.3 
Sumifix Supra 
Navy 3GF 
150% 
 
2.6 
 
3.0 
 
3.3 
 
3.9 
3.0% Remazol 
Navy RGB 
150% 
 
1.8 
 
2.3 
 
2.2 
 
5.4 
1.5% Remazol 
Navy RGB 
150% 
 
2.5 
 
2.9 
 
2.3 
 
 
6.5 
 
The quantity of detergent used for the front loading machine was 2.4g/l, compared to the 
quantity recommended for the top loading machine of 1.0g/l., (refer to 2.7.4 Detergent 
Quantity). 
 
Figure 3.8. Effect of water and detergents on colour difference  
 
Colour difference can be substantial, black is particularly susceptible to the effect of colour 
change as evidenced by Cibacron Super Black R.  Remazol Navy RGB 150%.also showed  
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marked colour difference being similar to the black particularly at the lighter depth of 
1.5%.   
Several dyes showed a greater colour change with water only and the neutral detergent 
formulation compared to the top loading detergent.  Figure 3.8 illustrates the ∆E changes 
with Cibacron Super Black R.  Cibacron Super Black R showed the largest colour 
difference after washing without light exposure.   Table 3.11 shows the colour difference 
of all the dyes after 5, 10 and 15 wash cycles.  Of the navy dyes 1.5% Remazol Navy RGB 
150% showed the greatest amount of colour change after 15 wash cycles. 
 
Table 3.11 Colour difference ∆E not exposed to light 
 
 Neutral Detergent Top Loading 
Detergent 
Front Loading 
Detergent 
No. of Wash 
Cycles 
 
5 
 
10 
 
15 
 
5 
 
10 
 
15 
 
5 
 
10 
 
15 
Cibacron Super 
Black R 
1.7 3.6 4.1 2.3 2.3 3.0 1.8 4.9 6.5 
1.5% Remazol 
Navy RGB 150% 
1.3 2.1 2.9 2.8 2.3 2.3 2.2 4.5 6.5 
3.0% Remazol 
Navy RGB 150% 
0.9 2.0 2.3 2.0 2.0 2.2 2.4 3.7 5.4 
Cibacron Navy 
LS-G 
1.3 2.6 3.6 1.6 1.9 2.6 2.1 3.5 5.3 
Levafix Navy 
Blue E-BNA 
1.3 3.2 1.7 2.3 2.2 2.3 1.8 3.2 4.3 
Cibacron Dark 
Blue W-R 
0.4 1.2 2.2 0.6 2.9 2.1 1.6 2.5 4.2 
 
Sumifix Supra 
Navy 3GF 150% 
2.7 2.8 3.0 2.6 2.6 3.3 2.4 2.9 3.9 
Intracron Dark 
Blue CDX 
1.4 1.4 2.1 1.4 1.6 1.6 1.1 2.5 4.2 
Levafix Navy C-A 
 
1.3 1.7 1.9 1.7 1.6 0.9 1.1 1.8 2.3 
 
In the majority of cases the neutral detergent and the top loading detergent gave similar 
results for colour difference.  After 5 wash cycles the neutral detergent showed slightly 
less colour difference than the top loading detergent.  Following 10 wash cycles the colour 
difference with the neutral detergent had increased compared with the top loading 
detergent.  The front loading detergent showed the greatest colour difference after 10 and 
15 wash cycles.  Levafix Navy C-A showed anomalous results after 15 wash cycles with 
the top loading detergent.  This result could be due to a hue change giving rise to a false 
reflectance reading. 
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Thin Layer Chromatographs showed some similarities between Levafix Navy C-A and 
Levafix Navy Blue E-BNA.  However the MSDS for Levafix Navy Blue E-BNA shows 
that this dye contains 2-5% C.I.Reactive Black 5.  It was appropriate to critically compare 
their colour loss and colour change on washing.  Figures 3.9 and 3.10 illustrate the colour 
difference due to the detergent type for Levafix Navy C-A and Levafix Navy Blue E-BNA.  
The results indicate that the former dye had better stability to desorption in the presence of 
all detergents except the neutral detergent after 15 wash cycles.  Levafix Navy Blue E-
BNA showed the largest colour difference after 5,10 and 15 wash cycles with the front 
loading detergent.  
  
 
Figure 3.9 Effect of detergents on colour difference 
 
 
 
Figure 3.10 Effects of detergents on colour difference 
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Both the neutral detergent and the top loading detergent had a greater affect on the colour 
difference of the Levafix Navy C-A after five wash cycles compared to the front loading 
detergent.  The lower colour difference for Levafix Navy C-A after 15 washes with the top 
loading detergent is anomalous due to a dulling of the sample.   
 
Figures 3.11 and 3.12 illustrate the loss in colour strength attributable to the type of 
detergent being used.   
  
 
Figure 3.11 Effect of detergents on colour loss 
 
 
Figure 3.12 Effect of detergents on colour loss 
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It can be assumed therefore that the loss in strength is on-tone rather than off-tone.  Figure 
3.12 shows how much lower the resistance to desorption Levafix Navy Blue E-BNA is 
compared to Levafix Navy C-A Figure 3.11; losing almost 13% more colour after 15 wash 
cycles. 
 
3.9  Influence of Washing System on the Light Fading of Dyes 
Wet exposure to light of the dyed fabrics again showed significant differences between the 
detergents and machine systems.  Wet exposure also highlighted the differences in 
performance of dyes of supposed similar chemical structure. 
 
Sumifix Supra Navy 3GF 150% and Intracron Dark Blue CDX are of a similar chemical 
type and were dyed at the same tinctorial strength.  Therefore a strict comparison is 
appropriate.  There are significant differences between the behaviour of these two dyes 
during fading.   It was assumed that after the initial 5 washes the majority of the dye lost 
would be from desorption of hydrolysed dye.  Loss in colour strength of the dye after the 
first five washes was deducted from the subsequent washes to account for the loss of 
hydrolysed dye.  This correction factor was then added back to the strengths of the 
exposed samples.   Therefore it can be assumed that the wet fading compared to the dry 
fade was due to the presence of residual detergent, alkali and water. 
 
Figures 3.13 and 3.14 show the front loading detergent has the greatest loss in colour 
strength.  
 
 
Figure 3.13 Colour loss – dry exposure vs. detergents exposed wet 
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The neutral detergent and the front load detergent caused greater loss in colour strength for 
Intracron Dark Blue CDX compared to Sumifix Supra Navy 3GF 150% over the three 
exposure periods.  While the graphs show the effect on colour loss they do not show the 
severe effect on the shade of the fabric after 30 hours wet exposure. 
 
 
Figure 3.14 Colour loss – dry exposure vs. detergents exposed wet  
 
The actual shade shift is more critical in the overall context of the performance of the dye.   
Dry exposure of the two dyes show similar results (Figures 3.13 vs.3.14); the detergent 
type has an  effect on wet fading of Intracron Dark Blue CDX, and there is a much greater 
loss in depth.  Visually there was significant tonal shift. 
 
 
Figure 3.15 K/S values vs. hours of exposure 
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Figure 3.15 shows the total loss in colour strength of Intracron Dark Blue CDX comparing 
wet fading against dry fading.  K/S values give total colour loss including the loss due to 
dye desorption as well as light fading.  On comparng Figures 3.15 and 3.16  Sumifix Supra 
Navy 3GF 150% has a much higher colour loss after 30 hours wet fading.  Both graphs 
show that the front loading detergent has the greater effect on total colour loss when faded 
in the wet state.  
 
Figure 3.16  K/S values vs. hours of exposure 
 
∆E  (Delta E) values represent total colour difference and show the colour difference 
between samples rather than loss in colour strength.  Figure 3.17 shows the Delta E values  
 
 
Figure 3.17 Colour difference comparison on dry exposure   
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between Intracron Dark Blue CDX and Sumifix Supra Navy Blue 3GF 150% on dry 
exposure.  Sumifix Supra Navy 3GF150% showed a greater colour difference after 30 
hours exposure.  When the results for colour difference after 10 hours exposure are 
compared to the percentage colour loss as illustrated in Figures 3.13 and 3.14 there is a 
distinct correlation between the fading and colour difference.   
 
The colour difference i.e. shade change is greater than that indicated by the loss in colour 
strength as shown by the K/S values.  Delta E (∆E) values of the two dyes are tabulated 
illustrating the colour difference due to wet light fading Table 3.12. 
 
Table 3.12.  Colour difference ∆E - wet light exposure. 
 
Sumifix Supra Navy 3GF 150% 
Delta E ∆E Values 
Intracron Dark Blue CDX 
Delta E ∆E Values 
Hours  
Wet 
Exposure Neutral 
Detergent 
Top Load 
Detergent 
Front Load 
Detergent 
Neutral 
Detergent 
Top Load 
Detergent 
Front Load 
Detergent 
10 2.7 3.4 2.4 2.0 1.7 1.8 
20 3.6 4.3 3.9 2.4 2.4 3.0 
30 4.6 5.2 5.2 3.3 3.1 4.2 
 
Intracron Dark Blue CDX shows better stability to wet light fading after washing in the 
presence of detergents compared to Sumifix Supra Navy Blue 3GF 150%..  Visual 
examination of the faded samples also show differences in both tone and brightness of 
shade after 30 hours wet light fading.  Table 3.13 records skilled observer assessments of 
the shade change after wet exposure.  The differences are based on comparing the wet 
exposed sample to the unexposed original sample under standard D65 lighting conditions. 
 
Table 3.13 Comparative visual examination. 
 
Sumifix Supra Navy 3GF 150% 
Visual Examination 
Intracron Dark Blue CDX 
Visual Examination  
Hours  
Wet Exposure 
Neutral 
Detergent 
Top Load 
Detergent 
Front Load 
Detergent 
Neutral 
Detergent 
Top Load 
Detergent 
Front Load 
Detergent 
 
30  
 
Lighter 
Bluer 
Brighter 
Lighter 
Bluer  
Brighter 
Lighter 
Bluer 
Brighter 
Lighter 
Less blue 
Duller 
Lighter 
Less Blue 
Duller 
Lighter 
Less Blue 
Duller 
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This table also illustrates the difficulties encountered when describing the actual colour 
differences occurring during light fading.  It also demonstrates the difficulty faced with 
instrumental systems when measuring dark shades [44].  
 
The effect of wet exposure on the colour change of fabrics washed with detergents is of 
special significance for black dyes based on C.I.Reactive Black 5 such as Cibacron Super 
Black R.  Figure 3.18 shows the significant differences between the detergents and water 
after wet fading compared to dry exposure. 
 
 
Figure 3.18 Colour difference - dry exposure vs. water and detergents exposed wet 
 
Colour difference for all wash systems after 10 hours wet exposure was less than the dry 
exposure.  A significant increase in colour difference occurred between 10 and 30 hours 
wet exposure.  The detergent for front loading machines showed the greatest colour 
difference.  The samples of fabric show an even more dramatic change of shade 
attributable to the front loading detergent, see Figure 3.19. 
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Figure 3.19 Cibacron Super Black R – visual colour change. 
 
Figure 3.20 shows the effect of the different detergents on the loss in colour strength of 
Cibacron Super Black R after wet fading.   
 
 
Figure 3.20 Colour loss – dry exposure vs. detergents exposed wet 
 
The greatest percentage loss in colour had occurred with the front loading detergent. 
 
Table 3.14 compares percentage colour loss of dry fade with wet fade of fabrics washed 
with each detergent.  In all cases the greatest percentage colour loss occurred with the front 
loading detergent.  The corrected percentages were calculated as described in section 3.8, 
paragraph 1. 
 
 
Original 
dyed 
fabric. 
 
 
 
15  wash 
cycles. 
 
 
 
15 wash 
cycles & 
wet 
exposed 
30 hours 
Water only Front Loading Detergent  Top Loading Detergent  Neutral  
Detergent 
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Table 3.14 Corrected percentage colour loss dry exposure vs. detergents exposed wet.  
 
   Dry exposure Neutral Detergent 
Wet Fade 
Top Loading 
Detergent 
Wet Fade 
Front Loading  
Detergent 
Wet Fade 
Number of  
Hours Exposure 
10 20 30 10 20 30 10 20 30 10 20 30 
1.5% Remazol  
Navy RGB 150% 
14.3 19.3 20.7 7.6 22.7 33.0 7.3 18.0 27.5 8.2 27.9 42.1 
3.0% Remazol 
Navy RGB 150% 
4.0 17.0 20.2 6.7 14.7 28.1 4.4 16.4 27.8 1.0 17.3 30.3 
Cibacron Navy  
LS-G 
8.0 11.0 15.5 5.0 14.6 28.1 4.3 11.5 21.9 2.2 17.9 31.0 
Levafix Navy  
Blue E-BNA 
16.3 17.8 20.6 10.2 20.9 27.6 5.1 10.6 20.6 8.9 22.4 34.6 
Cibacron Dark  
Blue W-R 
11.3 9.5 9.8 5.6 16.4 26.1 8.3 12.6 22.4 4.6 14.8 27.0 
Levafix Navy C-A 
 
10.8 14.0 15.0 3.4 16.6 24.8 3.5 8.7 16.5 2.3 20.2 27.5 
 
 
 
Examination of the colour loss between dry fading and wet fading using corrected figures 
shows the neutral detergent has a greater affect on the percentage colour loss compared to 
the top loading detergent.  The presence of detergent has a significant effect on the fading 
of dyes after 20 hours exposure.  After 15 washes and 30 hours exposure the front loading 
detergent had the greatest effect on all dyes. 
 
 
Table 3.15 compares the colour difference of dry light fading with wet light fading of the 
selected dyes.  At commencement of exposure to light the fabric was wet.   At the end of 
the two hour exposure period the fabric samples were dry.  Table 3.15 shows that water 
alone had a significant effect on the colour difference compared to the samples exposed to 
light in a dry condition.  The results of colour difference for the three detergents indicate 
that these products are influencing the fading of the dyes in question.  The possible cause 
for this effect is the hydrolysis of the covalent bond.  This hydrolysis is brought about by 
the incident UV radiation from the lamp at 350 -375nm.  At these particular wavelengths 
some azo dyes are sensitive [40].   Further to this the fading may be increased by the 
formation of a localized peroxy compound as discussed in Chapter 1[31]. 
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Table 3.15  Colour difference ∆E dry exposure vs. water and detergents exposed wet. 
 Dry 
Exposure 
Wet 
Exposure 
Water 
Only 
Wet 
Exposure 
Neutral 
Detergent 
Wet 
Exposure 
Top Load  
Detergent 
Wet 
Exposure 
Front Load 
Detergent 
Hours of Exposure 30 30 30 30 30 
Cibacron Super 
Black R 
3.1 4.7 5.8 4.3 8.3 
Cibacron Navy L-SG 
 
1.4 3.2 4.8 3.9 6.6 
Levafix Navy Blue  
E-BNA 
1.9 1.6 3.5 4.1 6.1 
Sumifix Supra Navy 
3GF150% 
1.5 3.5 4.7 5.2 5.2 
3.0% Remazol 
Navy RGB 150% 
1.9 3.2 3.9 4.2 6.5 
1.5% Remazol Navy 
RGB 150 
2.1 4.2 5.4 5.1 10.1 
 
 
The influence of water only on the fading of dyes is shown in Table 3.16.  In all cases the 
percentage strength loss was greater after 20 and 30 hours wet exposure compared to dry 
exposure.  Under these circumstances the presence of water in the fabric together with 
detergent residues is compounding the effect of covalent dye-fibre bond hydrolysis.  
Increased swelling of the fibre during wet fading allowed more rapid and deeper 
penetration of dissolved oxygen into the microstructure of the fibre.  
 
Table3.16  Comparative percentage colour loss dry exposure vs. water exposed wet. 
 
   Dry exposure Water only 
Wet faded 
Number of  
Hours Exposure 
10 20 30 10 20 30 
1.5% Remazol  
Navy RGB 150% 
14.3 19.3 20.7 16.6 27.3 36.0 
3.0% Remazol 
Navy RGB 150% 
14.0 17.0 20.2 15.3 23.6 32.2 
Cibacron Navy  
LS-G 
8.0 11.0 15.5 15.0 24.0 30.8 
Levafix Navy  
Blue E-BNA 
16.3 17.8 20.6 8.0 16.8 18.5 
Cibacron Super 
Black R 
13.8 14.6 16.8 9.0 15.4 23.0 
Sumifix Supra  
Navy 3GF 150% 
9.8 13.6 16.2 20.0 22.8 30.6 
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As drying takes place moisture migrates from the internal fibre regions.  This migration 
may carry detergent and alkali to the surface of the fabric where they concentrate.  This 
concentration of residues leads to increased chemical activity around the dye molecules 
aggregated at the fibre surface and hence accelerate colour loss.  Migration may also bring 
hydrolysed dye to the surface which is then removed during the next washing cycle. 
 
Remazol Navy RGB 150% has some similarities to C.I.Reactive Black 5.  C.I.Reactive 
Black 5 is listed as one of the components in the MSDS for this dye. The principle 
intermediate for C.I.Reactive Black 5 is “H” acid (1-amino-8-hydroxy-naphthalene-3,6-
disulphonic acid) [46].  Compared with dry exposure of Cibacron Super Black R, it can be 
seen that 3.0% Remazol Navy RGB150% fades in a similar manner (Table 3.16).  The 
graph (Figure 3.21) and illustrations (Figure 3.22) show that the lighter depth of shade 
1.5% Remazol Navy RGB 150% has a greater loss in colour after 30 hours wet exposure 
when washed with the front loading detergent.   
 
 
 
Figure 3.21 Colour loss – dry exposure vs. water and detergents exposed wet. 
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Figure 3.22  1.5% Remazol Navy RGB150% -visual colour change 
 
Figure 3.22 1.5% Remazol Navy RGB150% - visual colour change 
 
The greater loss in colour strength for the weaker 1.5% Remazol Navy RGB 150% would 
be expected since fastness to light is a function of colour depth [47].  Colour difference 
results for this dye are significant, particularly for the lighter depth (Table 3.15) when 
washed with the front loading detergent.  The poor light and washing fastness performance 
of a garment would present consumer problems if this dye was used as the blue component 
in a three colour mixture.   
  
 
Figure 3.23  Colour loss – dry exposure vs. water and detergents exposed wet. 
 
Original 
Dyed  
Fabric 
 
 
 
15  wash 
cycles. 
 
 
 
 
15 wash 
cycles & 
wet 
exposed 
30 hours 
 Water only           Neutral Detergent        Top Loading Detergent           Front   Loading                            
                                    Detergent 
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Figure 3.24  3.0% Remazol Navy RGB150% -visual colour change. 
 
Figure 3.24 3.0% Remazol Navy RGB 150% -visual colour change 
Figure 3.23 compares the dry fading with wet fading of 3.0% Remazol Navy RGB150%.  
Moisture present on the fabric does increase the degree of fading, but the detergents further 
increase the fade as can be seen in the illustration Figure 3.24.  Water alone has only a 
minor effect on the loss of colour.  The neutral detergent and the top loading detergent 
significantly increased colour loss and shade difference.   
 
 
Figure 3.25 Colour difference comparisons on wet exposure. 
 
Figure 3.25  compares the colour difference between  Cibacron Super Black R and the two 
dyeings of Remazol Navy RGB 150% after 30 hours wet fading when washed with the 
front loading detergent.  A similar level of change of colour difference is evident between  
Cibacron Super Black R and Remazol Navy RGB150% in the fabric illustrations. 
 
Original Dyed  
Fabric 
 
 
15  wash 
cycles. 
 
 
 
 
15 wash cycles 
& wet exposed 
30 hours 
 
Water only               Neutral Detergent                   Top Loading Detergent Front   Loading                                                                                                                                                                   
            Detergent
               Detergent  
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The dyeing of Cibacron Dark Blue W-R Figure 3.26 is approximately 13% stronger than 
that of Cibacron Navy LS-G refer Table 3.1.  
 
 
Figure 3.26 Colour loss – dry exposure vs. detergents exposed wet.  
 
The results show that Cibacron Dark Blue W-R has a greater tolerance to the front loading 
detergent than Cibacron Navy LS-G Figure 3.27.  Note that on dry fading the two dyes 
show similar colour loss after 30 hours fading. 
 
 
Figure 3.27  Colour loss – dry exposure vs. detergents exposed wet. 
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Cibacron Navy LS-G shows a greater loss in colour strength with the top loading detergent 
compared to the Cibacron Dark Blue W-R.  The neutral and top loading detergents have a 
pronounced effect on the fading of both of these dyes.   
 
It seems likely therefore that the main component of the neutral formulated detergent 
(sodium dodecyl benzene sulphonate) is promoting the hydrolysis of the dye–fibre bond 
during the drying stage of exposure.  As the top loading machine has only a single rinse 
cycle, detergent residues are retained by the fibre.  The long chain alkyl benzene residues 
are held within the fibre bundles, and therefore are in intimate contact with the dye-fibre 
bond.  During drying and exposure to light these detergent residues migrate to the fabric 
surface.  The concentration of chemicals at the fabric surface increases as the fabric dries.  
The effect of heat and ultraviolet from the lamp results in hydrolysis of the dye – fibre 
covalent bond increasing the level of fading. 
 
3.10  Summary – Dye –Fibre Bond Hydrolysis 
The factors affecting hydrolysis of reactive dyes during industrial dyeing and finishing are 
well known [43].  Key initiators of dye-fibre bond hydrolysis are alkali, oxygen, UV 
radiation and heat.  The process of dye-fibre bond hydrolysis can be ongoing as more dye-
fibre bonds are broken.  
 
The results of this study strongly indicate that hydrolysis is a key factor in the on-going 
rate of colour loss and shade change as a result of laundering and drying during use. 
The results suggest; 
• dye loss can occur when washing in water only, this is most likely due to the 
presence of dissolved oxygen; 
• dye loss increases if the detergent contains an oxygen generating additive such as 
sodium perborate; 
• detergents increase the rate of colour loss; 
• different detergent have different effects on the rate of colour loss; 
• activation by ultra violet radiation; 
• wet exposure to light increases the rate of dye-fibre bond hydrolysis. 
 
The factors affecting colour loss and colour change are cumulative.  
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Chapter 4. 
Conclusions and Recommendations 
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4.1  Introduction 
This study has demonstrated that significant colour change can occur during domestic 
laundering of cotton fabrics dyed with navy blue and black reactive dyes.  Colour loss 
occurred on exposure to light alone but increased with washing and subsequent wet 
exposure to light when drying.  The colour changes were due to a reduction in colour 
strength as well as changes in hue.  The results showed that detergents, home laundry 
systems and wet exposure to light all influenced the performance of the selected dyes in 
respect to fading. 
 
TLC analysis showed that none of the dyes in the study were pure chemical entities; even 
those considered identical contained other components and isomers.  Consequently each 
dye had a different fading behaviour.  Significant colour loss and colour difference were 
found when laundering with a front loading detergent system.  Lower but visually 
observable levels of fade were found on washing with top loading and neutral detergent 
systems. 
 
4.2  Colour Change Without Light Exposure. 
Reactive dyes are fixed to cotton via covalent bonding to the hydroxyl group of the 
cellulose molecules.  This fixation is achieved in the presence of an alkali, usually sodium 
carbonate, after diffusion of the dye into the fibre microstructure.  Upon the addition of the 
alkali, dye, either on the fibre surface or in the water, reacts with the hydroxyl group of 
water giving rise to unfixed or hydrolysed dye.  Colour change occurs when double bonds 
within the dye chromaphore are broken by some external force.  On completion of dyeing 
the fabric was treated to remove hydrolysed dye.  However it is difficult to remove all 
unfixed dye as some remain trapped within the fibre structure.  Consequently a percentage 
of the colour change during the first two or three wash cycles was probably due to 
hydrolysed dye diffusing out. 
 
The desorption of dyes from cotton has been studied [48]
 
and it was found that the 
presence of detergent, increased temperature and pH accelerated the rate of desorption of 
direct dyes.  If the dye –fibre covalent bond is ruptured then the reactive dye behaves in a 
similar manner to direct dyes and can be desorbed from the fibre.  For both top loading and 
front loading detergent laundry systems the wash liquor was at a
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at approximately pH 10.00.  This combination of temperature and alkali can cause 
hydrolysis of the covalent dye – fibre bond [5] and hence result in a colour change.   
 
 
No alkali or buffer salts were present in the neutral detergent formulation.  After 15 wash 
cycles the degree of colour change for the neutral and top loading detergents were similar. 
This suggests that the main neutral detergent component, sodium dodecyl benzene 
sulphonate, was contributing to colour change.  The absence of the buffer salts in the 
neutral detergent possibly contributed to colour change.  
 
The largest colour change for all the dyes during washing occurred with the front loading 
detergent laundry system.  This is ascribed to the presence of sodium perborate.  It is 
known  that vinyl sulphone dyes undergo bond cleavage under alkaline hydrolysis [5].
 
 The 
severe shade change after washing in the presence of sodium perborate is believed to be 
due to cleavage of the dye–fibre bond in addition to cleavage of the azo link in the dye.    
All the dyes used had at least one vinyl sulphone reactive group in the molecule in 
particular those that are bifunctional.  The cleavage of the vinyl sulphone bond would 
account for the colour loss under the conditions of test.  
 
Other variables that could have contributed to colour loss and colour difference for the 
front loading detergent were:   
 
1. lower ratio of water to fabric,  (10:1 vs.20:1); 
2. more severe mechanical action due to the lower liquor volume; 
3. higher concentration of detergent in washing liquor (2.4g/l vs. 1.0g/l). 
 
It is most likely that all these factors contributed to the colour changes found. 
 
4.3  Colour Change On Wet Exposure to Light 
On exposure to light the additive affect of dye loss and light fading with the front loading 
detergent resulted in substantially more colour change compared to the top loading and 
neutral detergents.  Evidence suggested that the light fading of the reactive dyes used in 
the study, particularly when washed with a detergent containing sodium perborate, was 
caused by oxidation due to excitation by UV radiation.  The MBTF lamp used had a strong 
peak at about 550nm and a very strong peak at 350nm in the near UV at which many dyes 
  
88
are sensitive [40].
 
 The covalent dye-fibre bond was broken during light exposure thus 
causing dye to be desorbed from the fibre.  
 
The above conclusion is supported by Georgio et al [49]
 
who found that the colour of C.I. 
Reactive Black 5 was completely destroyed in the presence of as little as 0.1g/l hydrogen 
peroxide (H2O2) and ultraviolet radiation of wavelength 200-280nm with an exposure of 
1hour.  This system generates hydroxyl radicals (OH

) which are highly powerful oxidising 
species.  Hydroxyl radicals can oxidise organic compounds.  UV/H2O2 systems have led to 
complete degradation of many organic compounds.  This evidence was derived from work 
on aqueous solutions of dye exposed to hydrogen peroxide and ultraviolet light [49]
  
it 
directly correlates with the results encountered in the work undertaken.
  
  
 
Other research showed azo reactive dyes can be decolourised in aqueous solution by UV/ 
H2O2 oxidation [50].
   
Light fading on cotton could be due to the role of singlet molecular 
oxygen [51].  That study found that the dyes investigated produced singlet oxygen possibly 
by energy transfer on excitation at 514nm.  The reported yields of singlet oxygen were 
low.  The role of singlet oxygen [31]
 
was discussed in Chapter 1, section 1.9.  The large 
colour differences which occurred when fabrics were washed with the front loading 
detergent and then wet faded were most likely due to oxidative hydrolysis caused by the 
presence of oxygen and ultraviolet light. 
 
Dyeings washed with the top loading and neutral detergents also suffered from lower 
fastness to light when exposed wet.  Top loading machines have a less efficient rinse cycle 
therefore more detergent and alkali residues remain on the fabric.  These residues migrate 
to and concentrate on the fabric surface during drying.  The presence of residual alkali 
during wet exposure to light in the presence of oxygen increases the degree of light fading 
due to heat from the light source.   
 
It was concluded that the heat from the light source was a contributing factor in the fading 
process.  [All the dyed samples were exposed using the same light source and at the same 
temperature.]  Heat and light are involved in the rupture of the dye – fibre bond [52]. 
  
The 
relative humidity of the samples exposed dry was lower thus the presence of dissolved 
oxygen on the fabric was minimal.  Samples that were treated with water only, faded to a 
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greater extent than the dry samples indicating that the moisture content of the fabric is 
contributing to the rate of fading on exposure to light.   
 
4.4 Limitations   
Time constraints imposed a number of limitations on this study: 
• only two of the numerous domestic laundry detergents on the market were 
considered; 
• the effect of optical brightening agents on the wet fade of the dyes was not 
considered; 
• only two basic washing machines were considered. 
 
Detergents of formulations different to those used may have resulted in different rates of 
fading.  Optical brightening agents could affect the fading rate of some of the dyes studied.  
Many modern washing machines have features additional to those of the basic models 
used. 
 
4.5 Recommendations  
This study showed that navy and black cotton fabrics dyed with reactive dyes experience 
significant colour change during domestic laundering.  Detergent formulation and dye 
structure both contributed to the rate of fading. 
  
The presence of oxidizing bleaches in detergent formulations significantly increased levels 
of fading of the dyes studied.  Therefore this study recommends further investigation into 
developing a detergent formulation for front loading machines that does not contain 
oxygen generating bleaches.   
 
This study recommends that dyes with improved stability to residual alkali and detergent 
additives be a topic for future investigation.  
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